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Abstract    
The study was conducted in three Ghanaian cities (Accra, Kumasi, and Tamale) selected from 
different agro-ecological zones (Coastal Savanna for Accra, Moist Semi Deciduous Forest for 
Kumasi, and Guinea Savanna for Tamale) in two phases. The main research methods used 
included surveys, crop and water analysis, and field trials.  
In phase I, questionnaire interviews were used to gather background information from a total of 
1058 subjects (farmers, sellers, and consumers) from the three cities on wastewater use, 
distribution, and handling of wastewater irrigated vegetables. In addition, direct observation and 
focus group discussions were carried out. Samples of wastewater irrigated lettuce, cabbage, and 
spring onions were also collected from selected markets in Accra, Kumasi, and Tamale to 
determine the current level of exposure of the Ghanaian urban population to hazardous pesticide 
and faecal bacteria contamination through the consumption of fresh vegetables produced with 
wastewater. All three vegetables were analysed for total coliform (TC) and faecal coliform (FC) 
as well as helminth egg populations on all three vegetables using standard methods. Lettuce 
samples were also analysed for pesticide residue. 
In view of the qualitative nature of most of the results from phase I, scientific quantitative data 
was provided to complement the qualitative results, identify intervention points, and provide the 
baseline for assessing the effectiveness of interventions. The requisite quantitative scientific data 
and implications were covered in the second phase of the study.  
Lettuce was used as a test crop because of the higher levels of FC from markets (phase 1) 
compared to cabbage and spring onions. Tamale was also dropped because farmers used similar 
irrigation water sources as in Accra. At this stage, the microbiological and physicochemical 
quality of irrigation water from different urban sources was assessed. From two vegetable 
production sites each in Accra and Kumasi, lettuce samples irrigated with water from drain, 
stream, well, and piped water, were collected at designated points along the “farm to fork” 
pathway and analysed for TC, FC, and helminth egg populations. Attempts were also made to 
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isolate and characterize representative types of faecal coliforms present on farm samples collected 
during the pathway study to assess the potential health risk to consumers. Methods used for 
washing vegetables before consumption at households and streetfood kitchens were surveyed and 
modifications to improve on their efficacies in removal of FC and helminth eggs carried out in the 
laboratory.  
Some of the agronomic practices employed by farmers who used wastewater for vegetable 
production could be sources of both microbiological and chemical contamination and potentially 
put farmers, sellers and consumers at risk. For example, 52 to 65% of farmers in Accra, Kumasi, 
and Tamale irrigated their crops on the day of harvesting, affirming the need to develop measures 
to minimize the risk associated with wastewater use in vegetable production. Majority of the 
irrigated vegetable sellers in Accra, Kumasi and Tamale condemned the use of polluted surface 
water for growing vegetables but could not indicate which input poses the highest risk. All 
respondents interviewed washed their vegetable before consumption. This is an indication that the 
last stage before consumption could be one of the best entry points where health risk reduction 
strategies could be put in place. 
Market vegetables from all three cities carried FC and helminth egg populations ranging between 
4.0 x 103 to 9.3 x 108 g-1 for FC and 1.1 to 2.7 g-1 for helminth and exceeded ICMSF recommended 
standards. A number of different types of helminth eggs, including that of Ascaris lumbricoides, 
Ancylostoma duodenale, Schistosoma heamatobium and Trichuris trichiura, were also identified 
on lettuce, cabbage, and spring onions from the markets. Most of pesticide residues on lettuce 
exceeded the Maximum Residue Limit (MRL) for consumption.  
Faecal coliform and helminth egg populations in irrigation water from different sources exceeded 
WHO recommended standards for unrestricted irrigation. From all the irrigation water sources in 
both Kumasi and Accra, Ascaris lumbricoides was the most predominant species recorded; 
population density ranged between 2 to 4 eggs l-1. However, heavy metal concentrations were 
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mostly within limits of international standard. Despite poor sanitary conditions in markets, post-
harvest handling, and distribution of lettuce did not significantly increase the farm-gate 
contamination levels. High FC levels exceeding common guidelines for food quality were also 
recorded on lettuce irrespective of the irrigation water source. The results also showed that apart 
from wastewater, contaminated soil, and poultry manure also contribute to crop contamination.  
Identified bacterial isolates from lettuce sampled from the farms belonged to 9 genera (Cedecea, 
Enterobacter, Erwina, Escherichia, Klebsiella, Kluyvera, Aeromonas, Chryseomonas, and 
Serratia). Presumptive test for E. coli 0157:H7 was positive for about 13% of isolates from Accra 
and 20% from Kumasi.  
The food vendor/consumer surveys revealed that the large majority of the households and street 
kitchens used various methods to wash vegetables before consumption. Washing vegetables, 
irrespective of the method used reduced FC and helminth populations in lettuce, but at varying 
degrees. Attempts made to improve on selected existing washing methods showed that there was 
promise for vinegar (> 4 log reductions possible at increased concentration and contact time) but 
with high financial implications for poor households; and this could reduce its adoption potential.  
The WHO has set a health protection level of 10-6 DALY (Disability Adjusted Life Years) pppy, 
which is achievable by 6 -7 log reduction. However, none of the methods tested achieved this 
level of reduction alone. 
The study concluded that wastewater irrigated vegetable production threatens public health from 
the perspective of microbiological and pesticide contaminations. The need to reduce the potential 
health risks resulting from FC and helminth contamination of wastewater irrigated vegetables 
needs a more holistic approach than a simple focus on the polluted irrigation water sources.   The 
adoption of the multiple barrier approach, where complementary risk reduction strategies are 
applied at various entry points before the vegetables reach the kitchen, is likely to make more 
significant impact.  
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CHAPTER 1 
1.0 INTRODUCTION 
In the humid zone of West Africa, more people live in urban than rural areas 
today. In 1920, only 4% of the population lived in the urban areas (UN population 
Division 2004). About 44% of Ghana’s total population of 19 million people now live 
in urban areas (up from 32% in 1994) and this number will rise as some of the urban 
areas have annual growth rates of more than 6% (Ghana Statistical Service (GSS), 
2002).  A major cause of the rapidly increasing urban population is the influx of 
people from rural areas in search of better livelihoods. Central to the urbanization 
phenomena, is the increase in urban food demands. In response, many urban dwellers 
have resorted to farming systems specialized in growing crops commonly used in 
urban diets. These farming systems are part of a phenomenon called Urban 
Agriculture (UA), which can be exhibited in different ways. 
About 800 million people are engaged in urban and peri-urban agriculture 
(UPA) worldwide and contribute about 30% to the world’s food supply (UNDP, 
1996). This is increasingly becoming a common expression of most urban areas in 
developing countries and is seen as an important means of attaining balanced diets 
and urban food security. In several African cities, between 50 and 90% of the 
vegetables consumed are produced within or close to the city (Cofie et al., 2003). The 
proximity of UPA to consumers ensures freshness of the vegetables and potentially 
higher nutrient contents than those stored and transported for long periods. This is 
especially important in Sub-Saharan Africa where refrigerated transport and cool 
storage are scarce. UPA also offers jobs for the poor, often especially women, and is 
an effective way to overcome poverty (Cofie et al., 2003; Obuobie et al., 2006).  
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In Ghana, UPA is mainly characterized by backyard and commercial small-
scale irrigated vegetable farming and is mainly carried out by men while marketing of 
the produce is predominantly a women domain. It also has significant contributions to 
livelihoods and food security. For example, around Kumasi, Ghana, more than 12,000 
farmers are involved in vegetable farming during the dry seasons (Cornish et al., 
2001) and urban farmers grow 90% of the main vegetables eaten in the city (Danso et 
al., 2003). This is done on virtually every open space close to water sources.  
Due to inappropriate and inadequate urban sanitation infrastructure in Ghana, 
the wastewater ends up in nearby water bodies, which are often used as sources of 
irrigation water. Use of the wastewater in UPA, however, lessen the pressure on water 
resources and will also increase water productivity through reuse of water and 
nutrients, which otherwise may be a nuisance to the environment. However, this 
practice could have adverse public health and environmental effects, especially 
because untreated wastewater or polluted water has high population of pathogenic 
organisms.  
Previous studies carried out in urban and peri-urban areas in Ghana revealed 
that most of the surface water bodies used for irrigation are heavily polluted and not 
appropriate for crop irrigation (Cornish et al., 1999; Mensah et al., 2001). 
Consequently, municipal authorities and government ministries have raised concern 
regarding the potential health risks to consumers and wastewater irrigators. In Accra 
for example, the city health authorities have (officially, but with limited enforcement) 
banned the production and sale of vegetables produced under such conditions (Armar-
Klemesu et al., 1998). 
There have been some outbreaks of diseases like typhoid and helminth 
infections in parts of the world (e.g., Santiago, Egypt, Jerusalem, and Chile) that have 
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been associated with crop contamination from wastewater irrigation (Blumenthal et 
al., 2000). The use of wastewater can also affect the farm workers since significant 
Ascaris and hookworm infections have been reported by sewage farmers in India 
(Blumenthal et al., 2000). This is one of the main reasons for the generally inadequate 
public and institutional support given to UPA in Ghana and elsewhere despite its 
significant contribution to urban food supply, poverty alleviation, women 
empowerment, and improved human nutrition.   
Effective wastewater treatment can reduce pathogen levels but in most 
developing countries it is not an option for the municipal authorities due to the high 
costs involved (Keraita et al., 2002). In Ghana, most urban centres have no means of 
treating wastewater and the sewerage network serves only 4.5% of the total 
population (GSS, 2002). Some attempts to develop new sanitation facilities have been 
faced with socio-economic challenges since they disrupt other existing infrastructure. 
Hence, most new sewerage treatment plants in Ghana are operating below the design 
capacity.   
As wastewater treatment does not appear a realistic option, banning the use of 
polluted water by UPA as tried in Accra (see box 1) and other cities, but has failed 
since such bans threaten many livelihoods, urban vegetable supply, and are contrary 
to poverty alleviation strategies. In any case, related institutional and policy 
frameworks are weak and hardly practicable or enforced in such countries. Urban 
farmers in this harsh situation have expressed significant concerns as their livelihoods 
are at permanent risk. Therefore, any solution to reduce health risks without forcing 
them to change their (market-driven) cropping patterns or water access would be 
appreciated. 
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In view of these difficulties, it is evident that research into other risk reduction 
options is required for regions or countries where wastewater treatment is not a 
realistic option. This is supported by Ghana’s Tourism Board which started a 
campaign for “safer vegetables for healthier cities” as vegetables in urban areas were 
implicated in erratic gastrointestinal disorders experienced by many, especially 
tourists.   
The study was therefore designed to address risk-reducing strategies that 
address post-harvest contamination and decontamination of wastewater-irrigated 
crops. For a holistic understanding of issues to be addressed and application of the 
research results, both social and physical sciences were used in the study.  The 
complementary results obtained from the studies made it easier for the identification 
of points of intervention and provided the baseline for assessing the effectiveness of 
risk reduction strategies.     
The research questions considered in this study included the following: What 
is the current level of exposure of the Ghanaian local population to faecal 
microorganisms and hazardous pesticides?  What is the quality of irrigation water 
used in urban/peri-urban vegetable production in Ghana? What are the other sources 
of contamination from polluted irrigation water sources? Where within the 
production-distribution chain does microbiological contamination of irrigated 
vegetables occur? What is the efficacy of risk reduction options (e.g. washing 
Box 1. Accra Metropolitan Assembly’s By-law for the “Growing and Safety of 
Crops” 
“No crops shall be watered or irrigated by the effluent of a drain which is fed by water 
from a street drainage”; and furthermore, “A person who contravenes these by-laws 
commits an offence, and is liable on summary conviction to a fine not exceeding 
100,000, Cedis or in default of the payment of the fine, to a term of imprisonment not 
exceeding three months, or both” 
(Local Government Bulletin 1, 1995: 190)
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techniques) employed at the food preparation (food vendors and households) stage 
and how can they be improved?   
 
1.1 Justification of the study 
The World Health Organization (WHO) published guidelines for the safe use 
of wastewater in agriculture (WHO, 1989) to protect farmers’ and consumers’ health. 
These guidelines were to assist design engineers and planners in the choice of 
wastewater-treatment technologies and water management options. The guidelines 
encouraged specific measures and the adoption of a combination of other protective 
procedures, e.g. 1) acceptable levels of microbiological contamination derived from 
the results of available epidemiological studies related to wastewater exposure, use 
and treatment, and 2) health protection measures, especially crop selection, 
wastewater application measures (e.g., drip irrigation), and human exposure control 
through protective clothing to achieve its goal of protecting farmers and consumers. 
Additionally, a disease control approach where less strict microbiological guidelines 
and more management approach for health protection, has been suggested in areas 
where wastewater treatment is constrained by limited financial resources (Blumenthal 
et al., 2000; Peasey et al., 2000) 
However, the application of the guidelines has been found to be difficult in 
many field situations, especially in low income countries (see Hyderabad Declaration, 
2001) due to a number of reasons. In Ghana, for example, wastewater treatment to the 
levels recommended for unrestricted irrigation is not a realistic option in the short or 
medium term due to financial constraints and poor sewerage systems. In the market-
oriented urban agriculture (with readily available market for fresh vegetables), every 
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available space within the city with free water, including polluted streams and drains, 
is used all year round for vegetable production.  
The small land sizes and insecure land tenure are also constraining farmers’ 
ability to invest in farm infrastructure such as drip irrigation or on farm sedimentation 
ponds. Also, crop restriction, one of WHO recommendations, is also unrealistic since 
the production of these crops provides the profit needed as livelihood support for 
farmers. Furthermore, recommendations for adopting different irrigation regimes such 
as cessation of irrigation prior to harvesting are not practical and productive for all 
crops. 
In view of this, the potential risks as well as positive and negative impacts 
associated with wastewater irrigation need to be investigated and evaluated, especially 
along the “farm to fork” pathway to determine where the necessary interventions 
should be placed.  
1.2 Objective 
The main objective of the study is to address public health concerns related to 
the consumption of irrigated vegetables through the assessment of potential risk 
pathways and levels and the identification of appropriate interventions to reduce 
public health risk at selected entry points along the production-consumption chain.   
 
1.2.1 Specific objectives 
1. To gather information on the agronomic practices, handling, and distribution of 
irrigated vegetable farm produce and examine the awareness and perceptions of 
stakeholders (producers, sellers and consumers) about the risk associated with the 
inputs used and handling of wastewater irrigated vegetables.  
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2. To determine the current level of exposure of the Ghanaian local population to 
faecal microorganisms and hazardous pesticides.   
3. To assess the water quality (biological and chemical) of irrigation water sources 
used for vegetable cultivation.  
4. To trace the (faecal coliform and helminth) contamination pathways of lettuce in 
urban and peri-urban sites to identify potential intervention points along the 
production-consumption continuum.  
5. To isolate and characterize faecal coliform bacteria from wastewater irrigated 
vegetables  from urban and peri-urban production sites. 
6. To identify, review and improve post harvest contaminant reducing methods used 
in households to enhance their effectiveness in reducing contamination to safe 
levels.  
 
1.3 Hypotheses 
1. Feacal coliform and helminth egg population sizes in wastewater  from different 
urban sources exceed common standards recommended for unrestricted irrigation 
2. Faecal coliform and pesticide contamination levels of irrigated vegetables sold in 
selected Ghanaian markets exceed recommended standards. 
3. Microbiological (faecal coliform and helminth levels) contamination of 
wastewater irrigated vegetables is increased through handling and distribution 
within the production marketing chain. 
4. Potential health risks to consumers can be reduced to acceptable levels after the 
normal household treatment of vegetables. 
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CHAPTER 2 
 
2.0 LITERATURE REVIEW 
2.1 Definitions and Terms 
Wastewater 
Wastewater is the liquid portion of waste and may be defined as a combination 
of liquid, or water-carried wastes, removed from residencies, institutions, and 
commercial and industrial establishments, together with such groundwater, surface 
water, and storm water as may be present (Metcalf and Eddy, 1995). Other definitions 
and concepts of wastewater are given in various reports and textbooks (Westcot, 
1997; Asano and Levine, 1998; Martijn and Huibers, 2001). In this review it is 
assumed that urban wastewater may be a combination of some or all of the following: 
 
Municipal Wastewater 
This consists of domestic effluent made up of blackwater (excreta, urine and 
associated sludge) and greywater (kitchen and bathroom wastewater). It may also 
include water from commercial establishments and institutions, including hospitals. It 
may or may not contain substantial quantities of industrial effluent.  
Industrial effluent  
Water polluted by industrial processes and containing high levels of heavy 
metals or other inorganic or organic constituents. Industrial effluent does not normally 
contain high levels of microbiological contaminants.  
Storm water 
Storm water runoff is precipitation that finds its way across surfaces into 
receiving waters. Urban storm runoff is collected and transported in storm or 
combined sewers. Storm sewers carry storm water only; combined sewers also carry 
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sanitary wastewater. A composition of storm water reflects the composition of 
precipitation and the surfaces with which it comes in contact 
(http://www.atl.ec.gc.ca/epb/issues/wstewtr.html). Solid concentrations are high, 
Biochemical Oxygen Demand (BOD) values are relatively low, bacterial values are 
significant because of animal sources, and nutrient concentrations may be significant. 
Storm sewers are subject to illicit connections of sanitary wastewater, which can 
increase concentrations of all of these parameters.  
2.1.1 Other terminologies 
Marginal quality water 
Abbot and Hasnip (1997) defined marginal quality water as water whose 
quality might pose a threat to sustainable agriculture and/or human health, but which 
can be used safely for irrigation provided certain precautions are taken. It describes 
water that has been polluted as a consequence of mixing with wastewater or 
agricultural drainage (Cornish et al., 1999).  
Direct use of treated wastewater 
This is the use of treated wastewater where control exists over the conveyance 
of the wastewater from the treatment works to a controlled area where it is used for 
irrigation. Many countries in the Middle East make use of wastewater stabilization 
ponds to remove pathogens from wastewater. The effluent from the ponds is used for 
irrigation. To describe such a situation, the term reclaimed water is often used; this 
means water that has received at least secondary treatment and is used after it flows 
out of a domestic wastewater treatment facility. It must be noted that in many cases 
wastewater can only be considered partially treated to the design standard. 
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Indirect use of wastewater  
This is the application to land of wastewater from a receiving water body. For 
example, Municipal and industrial wastewater is discharged without treatment or 
monitoring into the watercourses draining an urban area; and irrigation water is drawn 
from rivers and streams or other natural water bodies that receive wastewater flows. 
There is no control over the use of such water for irrigation or domestic consumption 
downstream of the urban centre. As a consequence, many farmers indirectly use 
marginal quality water of unknown composition that they draw from many points 
downstream of the urban centre. In other cases the water is abstracted at one or two 
well defined sites for use in a formal irrigation system.  
2.2 Irrigation and the use of wastewater 
Worldwide, it is estimated that 18% of cropland is irrigated, producing 40% of 
all food (Gleick, 2000). A significant portion of irrigation water is wastewater. 
Hussain et al. (2001) estimated that at least 20 million ha in 50 countries are irrigated 
with raw or partially treated wastewater. Smit and Nasr (1992) estimated that one 
tenth or more of the world’s population consumes foods produced on land irrigated 
with wastewater. Wastewater and excreta are also used in urban agriculture. A high 
proportion of the fresh vegetables sold in many cities, particularly in less-developed 
countries are grown in urban and peri-urban areas. For example, in Dakar, Senegal, 
more than 60% of the vegetables consumed in the city are grown in urban areas using 
a mixture of groundwater and untreated wastewater (Faruqui et al., 2004). 
In many developing countries, wastewater used for irrigation, is often 
inadequately treated. For example, WHO/UNICEF (2000) estimated the median 
percentage of wastewater treated by effective treatment plants to be 35% in Asia, 14% 
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in Latin America, and the Caribbean, 90% in North America and 66% in Europe. 
Homsi (2000) estimates that about 10% of all wastewater in developing countries 
receive treatment.  
It is estimated that if only 10% of the 280 million m3 of wastewater from 
urban Ghana could be treated and used for irrigation, the total area that could be 
irrigated with wastewater alone could be up to 4,600 ha. At an average dry-season 
farm size of 0.5 ha, this could provide livelihood support for about 9,200 farmers in 
the peri-urban areas of Ghana (Agodzo et al., 2003). In Accra, as in the other cities 
directly located on the coast of Ghana, most wastewater flows into the ocean for lack 
of any land physically available for agriculture. In other cities and towns, such as 
Kumasi, wastewater flows from drains into streams, which are usually used for 
irrigation. Thus in Kumasi, wastewater is mostly used in a diluted form mixed with 
surface runoff and/or stream water (Cornish et al., 2001). However, there are also 
cases where farmers use wastewater directly from drains and broken sewers, 
especially in the dry season.  
Some governments have been understandably cautious in actively promoting 
wastewater use, primarily due to the potential for adverse health effects and/or 
cultural concerns. However, little caution is usually shown in practice by those who 
actually use the wastewater –farmers and market gardeners – and throughout the 
developing world, untreated wastewater is commonly used to irrigate agricultural and 
horticultural produce. Indeed, in many areas, wastewater is considered to be so 
valuable that sewers are broken into and the wastewater flow diverted to the fields. 
Cornish and Kielen (2004) reported that in Maili Saba, Nairobi, Kenya, farmers 
blocked sewer mains so that wastewater would flow out over their farmland. Such a 
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practice, which is by no means uncommon, but of course illegal and carries 
substantial health risks, clearly demonstrates the perceived advantage of wastewater 
use. It is doubtful whether such practices can ever be eliminated unless governments 
develop and promulgate effective national strategies for wastewater use or offer safer 
water sources.  
 
The water and nutrient value of wastewater can be important resources for 
farmers. Additionally, wastewater flows are often consistent across seasons, and offer 
a reliable source of water throughout the year, especially in times of drought (Gleick, 
2000). A number of studies have demonstrated the positive impact of wastewater on 
crop productivity due to its nutrient content and organic matter (Day and Tucker, 
1977; Bell and Bole, 1978; Parameswaran, 1999; Zarazua and Levine, 2000).    
 
 
2.3 HEALTH ASPECTS OF WASTEWATER IRRIGATION 
2.3.1 Pathogenic microorganisms in wastewater 
The principal categories of pathogenic organisms found in wastewater are 
bacteria, viruses, protozoa, and helminthes (FAO, 1992; Metcalf and Eddy, 1995). 
Pathogenic organisms found in wastewater may be discharged by human beings who 
are infected with diseases or who are carriers of a particular disease (Metcalf and 
Eddy, 1995). The numbers and types of pathogens found in wastewater will vary both 
spatially and temporally, depending on the disease incidence in the population 
producing the wastewater, season, water use, economic status of the population, and 
quality of the potable water (Rose and Carnahan, 1992, in Yates and Gerba, 1998). 
Wastewater may also contain pathogenic organisms that have been discharged by 
animals.  
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Routine monitoring for all possible microbial agents is either impossible or 
impractical. The solution to this problem is the dependence on indicator organisms 
(Cooper and Olivieri, 1998). An ideal indicator organism of faecal contamination 
exhibits the same or greater survival characteristics as the target pathogen for which it 
is a surrogate and does not reproduce outside of the host; its presence can be readily 
monitored in a timely fashion. The source of faecal contamination (humans or from 
animals) must be considered when selecting the indicator organism.  
Currently, no one indicator meets all of the ideal criteria. For example, the 
ratio between faecal coliforms and faecal streptococci (FC/FS) is a kind of indicator 
that has however shown to be questionable. This is because of the variable survival 
rates of faecal streptococci species, variations in detection methods, and variable 
sensitivity to water treatments (Clesceri et al., 1998). The following indicators: total 
and faecal coliforms (MPN/100 ml), faecal coliforms (CFU/100 ml), faecal 
streptococci and Clostridium perfringes are, in that order, the four most common 
indicator bacteria presently in use (Feingin et al., 1991; FAO, 1992; Cooper and 
Olivieri, 1998). 
There are many species of parasitic worms that have human hosts. Some can 
cause serious illnesses and the ones that pass eggs or larval forms in the excreta are of 
importance when considering wastewater use. Often the developmental stages (life 
cycles) through which they pass before re-infecting humans are very complex. Most 
helminths do not multiply within human host, a factor of great importance in 
understanding their transmission. The ways they cause diseases and the effect that 
environmental change will have on their control are equally important (FAO, 1997). 
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2.3.2 Excreted pathogens and associated infections  
In many countries, excreted infections, including faeco-oral diseases are 
common and excreta and wastewater contain correspondingly high concentrations of 
excreted pathogens. Scott et al. (2000) reported that wastewater can contain a wide 
spectrum of enteric pathogens which may have negative impact on the environment 
and human health. For example, Jimenez et al. (2001) reported concentrations in 
wastewater of faecal coliforms, Salmonella spp. and helminth ova of 107–109 
MPN/100 ml, 106–109 MPN/100 mL, and 6–93 ova/L, respectively.  It is important 
we understand the transmission routes of these diseases and the health risk factors 
involved, in order to design and implement or modify wastewater use schemes to 
avoid any increased transmission of these diseases. 
There are a number of known excreted infections of public health importance, 
and according to Feachem et al. (1983) and Mara and Cairncross (1989), these may be 
conveniently grouped into five categories based on their environmental transmission 
characteristics and pathogen properties as follows:  
Category I infections 
Category I infections are caused by excreted viruses and protozoa and the 
helminths Enterobius vermicularis (pinworm or threadworm) and Hymenolepis nana 
(dwarf tapeworm).  These pathogens are infective immediately on excretion (“non-
latent”) and have a low median infective dose.  Transmission of these diseases occurs 
predominantly in the immediate domestic environment, especially when low 
standards of personal hygiene prevail, although the survival times of some excreted 
viruses and protozoa may be long enough to pose a health risk in wastewater use 
schemes. 
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Category II infections 
The pathogens causing Category II infections are the excreted bacteria.  Like 
the causative agents of Category I infections, they are infective immediately on 
excretion. They are moderately persistent and can multiply outside their host, for 
example, in food or milk.  They are also very commonly transmitted in the immediate 
domestic environment, but their greater persistence means that they can survive 
longer transmission routes and therefore they can, and do, pose real health risks in 
excreta and wastewater use schemes.   
Category III infections 
Infections of Categories III are caused by excreted helminths, which all 
require a period of time after excretion to become infective to humans.  This period of 
latency occurs in soil or in water. Most of the helminths are environmentally 
persistent, with survival times usually ranging from several weeks to, in some cases 
(notably Ascaris) several years. The organisms in Category III (Ascaris lumbricoides, 
the human roundworm; Trichuris trichiura, the human whipworm; and Ancylostoma 
duodenale and Necator americanus, the human hookworms) require no intermediate 
host.   
Category IV infections 
Category IV infections include the cow and pig tapeworms (Taenia saginata 
and T. solium, respectively). These require intermediate host at a stage in their life 
cycle. Most of the pathogens in these two categories may pose significant health risks 
when wastewater is used in agriculture (Feachem et al., 1983).  
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Category V infections 
The infections in Category V are all water-based trematode infections which 
occur where wastewater is used in aquaculture.  They are not a major health problem 
in areas where wastewater is used for crop irrigation, although in integrated systems 
where both agricultural and aquacultural products are produced there may be some 
risk.  Moreover, since schistosomiasis transmission often increases in endemic areas 
due to any irrigation scheme, there is a risk that wastewater-irrigation may increase 
transmission.   
 
2.4 Health risks associated with wastewater use in agriculture: the 
epidemiological perspective 
 
The classification of excreted pathogens into the five categories (section 2.3.2) 
provides the basis for a theoretical measurement of health risks involved in 
wastewater reuse practices. Shuval et al. (1986) identified the various intervening 
factors in the probable risk posed by different pathogens as follows: (a) long survival 
in the environment, (b) long latent period or the requirement of a development stage, 
(c) low infective dose, (d) weak host immunity, and (e) minimal concurrent 
transmission routes such as food, water, and poor personal or domestic hygiene. 
These factors tend to increase the public health importance of disease transmission 
through wastewater irrigation. On the basis of this, the following descending order of 
risk was then suggested: 
Epidemiological studies have shown that the actual risk of infection for people 
exposed to wastewater is highest for intestinal nematodes such as roundworm 
(Ascaris lumbricoides), the whipworm (Trichuris trichiura), and the hookworms, 
(Ancylostoma duodenale and Necator americanus) (WHO, 1989; Cifuentes et al., 
1993 and 1994). Actual risk of infection due to bacteria (cholera, typhoid and 
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shigellosis), and protozoan infections (amoebiasis, giardiasis) are lower, and viral 
infections (viral gastroenteritis and infectious hepatitis) pose the least health risk. The 
low risk of viral infections has been attributed mainly to high host immunity for virus 
infections (WHO, 1989; Swartzbrod, 1995)  
2.4.1 Actual and potential risks posed by wastewater reuse 
Based on the above review, the properties of the pathogens will determine the 
potential risk posed by wastewater reuse. Its detection in wastewater, soil, and on 
crops is an indication of potential health risks to the populations consuming crops 
irrigated with wastewater and agricultural workers exposed occupationally. 
Furthermore, when an infective dose of an excreted pathogen reaches a field or the 
pathogen multiplies in the field to form an infective dose, the infective dose reaches a 
human host and the host becomes infected but does not cause disease or further 
transmission, it can pose only potential risks to public health (Strauss, 1994). 
However, to actually cause disease, a pathogen would have to survive the treatment 
processes and persist in the environment in sufficient numbers to infect a susceptible 
individual.  
The irrigation method used and the type of crop grown will determine the 
magnitude of the contact between the wastewater and crops and affect the nature of 
the human hosts exposure to the contaminated soil, wastewater, and crops. Human 
factors and host immunity are also important factors in completing the transmission 
cycle. The definition of actual risk should, therefore, be derived from a broader 
concept than the one based on the mere presence of pathogens in the environment. It 
involves the measurement of the amount of disease associated with wastewater reuse 
(WHO, 1989), which can only be achieved by the comparison of two populations, 
with or without exposure, and the concomitant assessment of alternative transmission 
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routes. In spite of the complexity of such epidemiological studies, and the fact that 
they have not been so frequently carried out in most areas where reuse occurs, a few 
outbreaks have been traced to wastewater irrigation. Few studies of populations 
exposed to wastewater have been able to provide some data to support the theoretical 
discussion on the association between wastewater reuse and health.  
 
2.4.2 Risks to consumers of crops eaten uncooked 
(a) Helminth infections 
  Descriptive studies (Khalil, 1931; Baumhogger, 1949; Krey, 1949; Shuval et 
al., 1984) of the association between consumption of uncooked vegetables irrigated 
with untreated wastewater and Ascaris infection produced estimates of relative risks 
between 7.0 and 35.0. The proportion of Ascaris infection in the study populations 
that was attributed to consumption of uncooked vegetables irrigated with wastewater 
(the attributable risk) varied between 34% and 60%. An analytical cross-sectional 
study (Cifuentes, 1998) provided an estimate of relative risk of 1.4, but it is not clear 
how much this is a measure of the risk of the use of untreated or treated wastewater, 
as stratum specific estimates were not reported.  
  A prospective cohort study (Peasey, 2000),  however, produced adjusted odds 
ratios (OR) of 3.9 (men) and 2.4 (children) for consumption of vegetables irrigated 
with wastewater by farming families, when allowance was made for potential 
confounding factors for Ascaris such as age, gender, socio-economic status, and direct 
wastewater contact. The attributable risk from consumption was 25% for children and 
14% for adult men.  The proportion of infection in the whole study population that 
was attributable to exposure and could be eliminated if the exposure were removed 
(the preventable fraction) was 53% for children and 35% for adults.  
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  There is some evidence in adult men that consumption of vegetables irrigated 
with wastewater had a greater effect when irrigation was with untreated wastewater 
(>100 eggs per litre) as compared to treated wastewater (<1 egg per litre) (OR = 2.7, 
P = 0.074 for treated and OR = 0.6, P = 0.68 for untreated wastewater) was used, but 
this did not reach statistical significance. In children, irrigation of vegetables with 
untreated wastewater was associated with an increased risk of infection (OR = 4.2, P 
< 0.001) and use of treated wastewater (<1 nematode eggs/litre) was also associated 
with an increased risk of infection (OR = 3.7, P = 0.056).   
 
(b) Bacterial and viral infections  
  There are several studies of the risk of specific bacterial or viral infections 
associated with consumption of vegetable crops irrigated with untreated wastewater. 
Consumption of raw vegetables coming from an area (Santiago) where untreated 
wastewater is used for irrigation (Hopkins et al., 1993) was related to an increase in 
seroprevalence to Helicobacter pylori (relative risk 3.3, P <0.001), when allowance 
was made for confounding factors.  
  Analytical cross-sectional studies of symptomatic diarrhoeal disease in 
Mexico (Blumenthal et al., 2003) indicated that there was a two-fold or greater risk of 
diarrhoeal disease associated with medium or high frequencies of consumption of 
uncooked onions irrigated with wastewater that had been stored in a single reservoir 
(water quality; 104 thermotolerant coliform per 100 ml). For adults, the attributable 
risk was 4.3% (weekly prevalence) which is equivalent to an annual rate of 0.66 per 
person (allowing for an 8 month dry season).  A prospective cohort study in the same 
area showed that there was a two-fold increase in seroresponse to norovirus (Mexico 
strain) associated with the consumption of green tomatoes irrigated with the same 
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water when allowance was made for confounding factors, but no increased risk of 
seroresponse to enterotoxigenic Escherichia coli infection associated with vegetable 
consumption. In this study, over 50% of the diarrhoeal disease in the study population 
who ate onions was attributable to consumption of onions, such that over 25% of all 
diarrhoea in adults and young children in the study population in the dry season was 
attributable to wastewater irrigation of vegetables.  
2.4.3 Risks to agricultural workers and their families  
  Research conducted in Phnom Penh, Cambodia indicated that there may be an 
association between exposure to wastewater and skin problems such as contact 
dermatitis (eczema) (van der Hoek et al., 2005). In a survey of households engaged in 
the cultivation of aquatic vegetables in a lake heavily contaminated by untreated 
sewage, 22 percent of the people living in the households reported skin problems. In a 
survey of similar households living around a lake with no wastewater inputs only 1 
percent of the people reported skin problems. Skin problems were most likely to be 
reported on the hands (56%), feet (36%), and legs (34%). The cause of the skin 
problems was not determined but was likely due to a mixture of chemical and 
biological agents in the wastewater. 
  Analytical studies of the effect of direct contact with wastewater in Mexico 
indicate that there are risks of diarrhoeal disease related to contact with untreated 
wastewater, particularly in the dry season (relative risk 1.75), and that the risk is 
reduced when the wastewater is stored in storage reservoirs before use (Cifuentes, 
1998; Blumenthal et al., 2001). 
  There is also evidence to suggest that direct contact with untreated wastewater 
can lead to increased helminth infection (mainly Ascaris and hookworm infection), 
and that this effect is more pronounced in children than in adult farm workers. When 
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flood or furrow irrigation with wastewater was used, the effect of direct contact with 
untreated wastewater on Ascaris infection varied according to area and the initial 
prevalence, from attributable risks of between 9% to 30% in children (Bouhoum and 
Schwartzbrod, 1998; Habbari et al., 2000; Peasey, 2000; Blumenthal et al., 2001) and 
between 7 and 33% in adults (Krishnamoorthi et al., 1973; Cifuentes, 1998; Peasey, 
2000; Blumenthal et al., 2001). In a study in Mexico, irrigation with untreated or 
partially treated wastewater was directly responsible for 80% of all Ascaris infections 
and 30% of diarrhoeal disease in farm workers and their families (Cifuentes et al., 
2000). For hookworm infection, the effect of exposure to untreated wastewater among 
farm workers varies from attributable risks of between 37% in children and 14% in 
adults (Krishnamoorthi et al., 1973).  
  There is some evidence from analytical studies that Ascaris infection can be 
reduced when wastewater is partially treated before use, but the effect depends on the 
extent of treatment. In studies in Mexico, wastewater retention in one reservoir for a 
minimum of one month during the year preceding the study (achieving 2 log 
nematode egg removal, to <1 nematode egg per litre) did not increase risk of Ascaris 
infection in adults (Peasey, 2000) but in children, there was still a significant 
increased attributable risk of 14% associated with exposure to wastewater irrigation 
(Peasey, 2000; Blumenthal et al., 2001). However, retention in two reservoirs in 
series for a period of one or two months in each reservoir (achieving a 2-3 log 
nematode egg removal) resulted in no detected excess risk of Ascaris in children 
(Cifuentes, 1998).  
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2.5 Evidence of crop contamination from contaminated water 
  Studies on crop contamination with pathogenic microorganisms (bacteria, 
helminthes, protozoa, and viruses) where wastewater or partially treated wastewater is 
used have been reported in several studies carried out in different parts of the world.  
 
Bacteria 
  Vaz da Costa Vargas et al. (1996) reported that in Portugal, when a very poor 
quality wastewater (trickling filter effluent with 106 thermotolerant coliform per 100 
ml) was used to spray-irrigated lettuce, initial concentrations of indicator bacteria 
exceeded 105 thermo-tolerant coliform per 100 g fresh weight.  Once irrigation 
ceased, no Salmonella could be detected after 5 days, and after 7−12 days, thermo-
tolerant coliform levels were similar to or just above the level seen in lettuces 
irrigated with fresh water. He further reported that the quality was better than that of 
lettuce irrigated with surface waters on sale in the local markets (106 thermo-tolerant 
coliform per 100 g) presumably because of recontamination in the market through the 
use of contaminated freshening water.   
  In Israel, when vegetables and salad crops were irrigated with poor quality 
effluent from wastewater storage reservoirs (up to 107 thermotolerant coliform per 
100 ml) high levels of faecal indicator bacteria were detected on crop surfaces (up to 
105 thermo-tolerant coliform per 100 ml) (Armon et al., 1994).  However, when 
vegetables were irrigated with better quality effluent (0−200 thermotolerant coliform 
per 100 ml) from a different storage reservoir thermotolerant coliform levels on crops 
were generally less than 103 thermo-tolerant coliform per 100 g and often lower. In 
Peru (Castro de Esparza and Vargas, 1990, in Peasey et al., 2000) found the 
percentage of crops with detectable Salmonella decreased as water quality improved, 
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from 107 thermo-tolerant coliform in raw wastewater (103 Salmonella per 100 ml) to 
105 thermo-tolerant coliform (<102 Salmonella) in treated effluent from a waste 
stabilisation pond.  No Salmonella was detected in crops irrigated with river water 
(200 thermo-tolerant coliform and no Salmonella detected). Allowing 8 days between 
the last irrigation and harvest ensured a 25% increase in crop samples having <10 E. 
coli and no detectable Salmonella per gram.  
  Overall, these studies indicate that (a) irrigating salad crops with wastewaters 
containing >105 thermo-tolerant coliform per 100 ml in uncovered plots results in 
high levels of bacterial contamination of crops, unless a period of cessation of 
irrigation occurs before harvest;  (b) improving the quality of irrigation water to 102-
103 thermo-tolerant coliform per 100 ml  and no recontamination occurred off-farm.  
 
Helminths 
  Studies in Brazil by Ayres et al. (1992) indicated that when lettuce was spray-
irrigated with effluent from waste stabilisation ponds, the levels of crop contamination 
decreased with increased pond retention time (i.e., from the anaerobic pond through to 
the maturation pond). Levels of nematode contamination of lettuce were 0.6 egg per 
plant at harvest from the anaerobic pond (>10 eggs per litre), and no nematode eggs 
were detected on lettuces irrigated with effluent from the facultative pond (< 0.5 egg 
per litre) or the maturation pond  (0 egg per litre, i.e., eggs were not detectable), 
despite growing in heavily contaminated soil containing >1200 Ascaris eggs per 100 
g. Irrigation with freshwater successfully removed small levels of contamination on 
crops, whilst rainfall events significantly reduced levels of contamination on crops. 
  Studies carried out in glasshouses in the UK (Stott et al., 1994) with seeded 
effluent (Ascaridia galli) indicated that irrigation with wastewater containing 10 eggs 
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per litre resulted in low levels of nematode contamination on lettuce (maximum of 1.5 
eggs per plant), and improving wastewater quality further to ≤1 egg per litre resulted 
in very slight contamination of some plants (0.3 egg per plant).  However, no 
transmission of A. galli infection was found from wastewater-irrigated crops using 
animal studies, although the infective dose was very low (<5 embryonated eggs). 
  These microbial data collectively show that irrigation with wastewater at a 
quality of ≤1 egg per litre resulted in no detectable contamination of lettuce at harvest 
or at most only a very slight contamination on some plants (6%) with eggs that were 
either degenerate or not infective.  However, a few nematode eggs on harvested plants 
were viable but not yet embryonated indicating that crops with a long shelf life could 
represent a potential risk to consumers if the eggs had sufficient time to become 
infective. 
 
Protozoa 
  In general, limited evidence concerning crop contamination with protozoa 
resulting from wastewater irrigation is available. Armon et al. (2002) found that 
zucchini spray-irrigated with poor quality wastewater (>100 cysts/oocysts per litre) 
accumulated higher levels of Cryptosporidium oocysts (80−10,000 oocysts per 0.5 kg) 
on the surface than other types of crops.  Zucchini have hairy, sticky surfaces and 
grow close to the ground and therefore may concentrate certain types of pathogens on 
its surface. 
  In Peru, Entamoeba coli was the most common protozoan and was identified 
on 38% of crops irrigated with wastewater and other contaminated surface water 
sources (Castro de Esparza and Vargas, 1990, in Peasey et al., 2000). Detection of 
Cyclospora cayetanensis in wastewater from the area where crops were produced in 
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Peru had been confirmed by Sturbaum et al. (1998). Cryptosporidium and Cyclospora 
oocysts have been identified on produce sold in markets in Peru (Ortega et al., 1997) 
and Costa Rica (Calvo et al., 2004). In these cases, no water quality data was 
available but contamination was more likely to have been caused by the use of sewage 
contaminated surface water for irrigation rather than the direct use of wastewater for 
irrigation.  
 
Viruses 
  Most of the studies conducted with viruses have been based on wastewater or 
water seeded with viruses. However, Hernandez et al. (1997) found hepatitis A 
viruses and rotaviruses in market lettuce irrigated with contaminated water in Costa 
Rica.  
Most of the review describes pathogen contamination on farm and sometimes 
at the market without examining what happens within the production – consumption 
chain where possible contamination could occur along the chain. This study hopes to 
bridge this gap by following and analyzing irrigated vegetables at specific stages from 
farm to the final retail outlet to establish possible sources of contamination after 
harvest. 
 
2.6 Evidence from disease outbreaks 
  Study of disease outbreaks provide further information on risks to consumers 
of wastewater irrigated vegetables. There is evidence of the risk of cholera (Shuval et 
al., 1984) typhoid  and shigellosis (Porter et al., 1984) when vegetables are irrigated 
with untreated wastewater. Also, shigellosis outbreaks occurred in Norway, Sweden, 
and the United Kingdom in 1994 due to contaminated lettuce imported from southern 
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Europe (Frost et al., 1995; Kapperud et al., 1995), and a cyclosporiasis outbreak in 
the United States was linked to the consumption of contaminated raspberries imported 
from Guatemala (CDC, 1996a). In 1970, a cholera epidemic in Jerusalem was traced 
back to the consumption of salad vegetables irrigated with raw wastewater. The 
epidemic quickly subsided after the authorities confiscated the vegetables grown with 
the untreated wastewater (Shuval et al., 1986). 
 
2.7 Survival of organisms in the environment  
The viabilities of most pathogens in the environment decrease over time. 
Survival of bacteria, like many other organisms, depends greatly on the environment. 
This includes other microorganisms in the water that might provide competition or 
predation. Bacteria often survive longer in clean water than dirty water but survival in 
excess of 50 days is most unlikely and at 20-30o C, 20 - 30 days is more common 
maximum survival time. 
Bacteria, including faecal coliforms, Salmonella spp., and Shigella usually 
survived fewer than 30 days in water and sewage; E. histolytica cysts usually survived 
fewer than 15 days and enteroviruses fewer than 50 days. However, A. lumbricoides 
eggs could survive longer in groundwater than in surface water because groundwater 
tends to be cooler, is protected from sunlight, and it has less microbiological and 
biological activity (Feachem et al., 1983).  
In soil, bacteria, including fecal coliforms, Salmonella spp., and Shigell spp., 
usually survived fewer than 20 days, E. histolytica cysts, fewer than 10 days and 
enteroviruses, fewer than 20 days, and A. lumbricoides eggs, many months. These 
survival times suggest that bacteria and protozoa present in surface water that is not 
contaminated with human sewage should be relatively short-lived, whereas viruses 
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and helminthes in wastewater should persist longer in the environment. Other studies, 
however, reported much longer survival times for E. coli O157:H7 in river water and 
in bovine faeces, emphasizing the need for caution in interpreting these generalized 
survival times (Flint, 1987; Wang et al., 1996; Maule, 2000).  
Feachem et al. (1983) also summarized numerous studies examining the 
survival of pathogenic microorganisms on the surfaces of fruits and vegetables (Table 
2.1). Bacteria, including faecal coliforms, Salmonella spp., and Shigella spp., usually 
survived fewer than 15 days on crop surfaces; E. histolytica cysts, fewer than 2 days; 
enteroviruses, fewer than 15 days; and A. lumbricoides eggs, fewer than 30 days. A 
more recent review by Beuchat (2002) provides further details on what is known 
about the survival of pathogenic microorganisms on the surfaces of fruits and 
vegetables after harvesting.  
 
Table 2.1 Survival of various organisms in selected environmental media at 20 - 
30°C 
Survival Times (days) Organism 
Freshwater and 
Sewage 
Crops Soil 
Viruses 
 Enteroviruses* 
 
<120 and usually <50
 
<60 and usually <15 
 
<100 and usually <20 
Bacteria 
    Thermotolerant coliforms   
  Salmonella spp 
 Shigella spp. 
  V. cholerae  
 
<60 and usually <30 
<60 and usually <30 
<30 and usually <10 
NA 
 
<30 and usually <15 
<30 and usually <15 
<10 and usually <5 
<5 and usually <2 
 
<70 and usually <20 
<70 and usually <20 
NA 
<20 and usually <10 
Protozoan cysts 
 E. histolytica cysts 
 Cryptosporidium oocysts 
 
<30 and usually <15 
<180 and usually <70
 
<10 and usually <2 
<3 and usually <2 
 
<20 and usually <10 
<150 and usually <75 
Helminths 
 Ascaris eggs 
 Tapeworm eggs 
 
Years 
Many months 
 
<60 and usually <30 
<60 and usually <30 
 
Years 
Many months 
  
* poliovirus, echovirus, and coxsackievirus. NA = no data  
Sources: Feachem et al. (1983).  
 
Several studies showed a significant reduction over time in the levels of 
pathogenic microorganisms on vegetables irrigated with poor quality water, 
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suggesting that survival of pathogens is poor on vegetable surfaces (Dunlop and 
Wang, 1961; Ayres et al., 1992; Armon et al., 1994; Bastos and Mara, 1995). The 
shorter survival times of pathogenic microorganisms on crops, relative to those for 
water and soil reflect an increased exposure to sunlight and desiccation for pathogens 
on crop surfaces. 
As occurs in the environment, cooler temperatures promote survival of 
pathogenic microorganisms on fruits and vegetables. E. coli O157:H7 survived on the 
surface of harvested lettuce for up to 15 days when it was stored at 4°C (Beuchat, 
1999) and on the surfaces of harvested fresh and frozen strawberries for at least 1 
month (Knudsen et al., 2001;  Yu et al., 2001). Rotaviruses inoculated onto the 
surface of the harvested vegetables maintained viability for up to 30 days at 4°C 
(Badaway et al., 1985), and poliovirus survived on different foods under typical 
refrigeration conditions for 8.4 days to more than 2 weeks (Kurdziel et al., 2001).  
 
 
2.7. 1 Factors affecting the survival of pathogens in the environment 
  Pathogen survival depends upon a number of factors.  Parameters influencing 
the persistence of pathogenic microorganisms in water, crops, and soil are 
temperature, pH, moisture, antagonism from the soil microflora, and exposure to 
sunlight (Feachem et al., 1983; Bitton and Harvey, 1992 in Oron et al., 2001). Other 
factors are soil type/content, and foliage/plant type. 
 
Temperature 
  Of all the parameters, temperature appeared to have the most significant effect 
(Yates et al., 1985; Rice et al., 1992; Wang and Doyle, 1998). Generally, high 
temperatures lead to rapid die-off and low temperatures prolong pathogen survival in 
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the environment. Pathogen inactivation is much more rapid in hot sunny weather than 
in cool, cloudy, or rainy conditions.  This is particularly relevant for post-harvest 
storage. If plants are harvested and then transported and stored in refrigerated 
conditions (e.g., 4 °C), pathogens may be able to survive long enough to infect 
product consumers. For example, in experiments with lettuce spiked with 
Cryptosporidium oocysts, and incubated for three days at 20 °C and 4 °C, Warnes and 
Keevil (2003) detected zero viable oocysts on the lettuce incubated at 20 °C but found 
10% of the oocysts still viable from the lettuce incubated at 4°C. In general, 
pathogens are more exposed to adverse environmental conditions on crop surfaces 
and survival times tend to be shorter than in soil.  
Van Donsel et al. (1967) found that 90% of coliform bacteria died within 3.3 
days of land application in the summer compared to 13.4 days in the winter. Filip et 
al. (1988) reported that E. coli could survive for over 100 days in water-soil mixtures 
kept at 10 °C. E. coli survived longer in sheep and cattle manure at temperatures 
below 23 °C (Kudva et al., 1998). Contrary to this, Howell et al. (1996) measured 
faecal coliform and faecal streptococci mortality rates at three different temperatures 
in faeces-amended sediments in the laboratory, noting greater faecal coliform survival 
and sometimes regrowth under warmer conditions.  
 
Moisture 
Numerous researchers have suggested that a principal factor affecting the 
survival of enteric bacteria in soil systems is the moisture status (Gerba et al., 1975; 
Tate, 1978; Kibbey et al., 1978; Crane et al., 1981; Reddy et al., 1981; Faust, 1982; 
Mubiru et al., 2000). Tate (1978) found E. coli survival to be greatest in organic soils 
under flooded conditions. Hagedorn et al. (1978) found E. coli populations highest 
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after a rise in the water table following major rainfall events. Streptococcus faecalis 
died more rapidly under low soil moisture conditions (Kibbey et al., 1978). Mubiru et 
al. (2000) linked lower mortality rates of E. coli O157:H7 to higher unsaturated soil 
matric potentials and correlated the increased survival of faecal coliform with 
increased soil moisture in grass buffer strips receiving swine waste. It is apparent that 
limited moisture availability in the soil reduces the survival rates of enteric bacteria in 
manure amended soil systems, although quantitative information on the issue is still 
lacking. 
 
Soil moisture and organic matter content 
The single soil property that appears to have the greatest impact on bacterial 
survival is moisture retention, which is linked to particle size distribution and organic 
matter (OM) content. Tate (1978) observed that the survival of E . coli in an organic 
soil over an 8-day period after manure application was threefold greater than in a 
sandy soil. This was attributed in part to the organic soil’s increased ability to retain 
moisture. Hagedorn et al. (1978) studied the subsurface flow of bacteria over a 32-day 
period and observed that faecal bacteria moved faster in coarser soil materials. 
Chandler and Craven (1980) investigated the survival of E. coli and S. typhimurium in 
relation to soil moisture retention and soil type. They observed that in dry loam soil, 
E. coli cells were able to survive and proliferate once moisture was restored. Chandler 
et al. (1981) examined the survival of bacteria on pasture, in topsoil, and in subsoil 
and found that topsoil was the most favorable environment for bacteria. The research 
further revealed that the times required for a 90% reduction in initial bacteria 
concentrations ranged from 7 to 20 days in topsoil. Zhai et al. (1995) also reported 
greater survival rates of faecal bacteria in topsoil as compared to subsoil. Mubiru et 
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al. (2000) compared the mortality of E. coli O157:H7 in two different soil types. 
Reduced mortality was primarily influenced by soil type, with soils exhibiting a 
higher matric potential showing lower mortality rates. They also stated that as well as 
enhancing moisture retention, fine soil particles could increase bacterial survival 
because of an increased ability to retain nutrients. 
 
Competition with native flora and fauna 
  Antagonistic effects from native flora and fauna may enhance die-off. For 
example, bacteria may be preyed upon by protozoa. Temperature, soil moisture, pH, 
and the availability of organic matter may also indirectly influence survival by 
regulating the growth of antagonistic organisms such as protozoa, fungi, and 
actinomyces (Jamieson et al., 2002). Competing microorganisms will limit pathogen 
survival in soil (Reddy et al., 1981). Enteric bacteria, which have been relocated into 
the soil-waste environment, must compete with resident soil bacteria for essential 
nutrients and water. Ellis and McCalla (1976) concluded that indigenous soil 
organisms were resistant to new microorganisms in their environment. Gerba et al., 
(1975) and Tate (1978) both reported increased pathogen survival, and sometime 
regrowth, in sterile soils. 
 
Sunlight (UV radiation) 
Direct sunlight leads to rapid pathogen inactivation through desiccation and 
exposure to UV radiation. Disinfection by UV radiation is a physical process relying 
on the transfer of electromagnetic energy from the sun to an organism's genetic 
material (DNA and RNA). UV radiation destroys microorganisms by preventing their 
replication or causing death.   
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pH 
Enteric bacteria have a shorter survival period in soils possessing a low pH 
(Gerba et al., 1975; Ellis and McCalla, 1976) with pH of 6 to 7 being optimum for 
bacterial survival (Cuthbert et al., 1955; Reddy et al., 1981). Sjogren (1994) found E. 
coli survived longer at a neutral to alkaline pH than at an acidic pH in soils of similar 
texture and organic matter content. 
 
Foliage/plant type 
  Certain plants have sticky surfaces (e.g., zucchini) or can absorb pathogens 
from the environment (e.g., lettuce, sprouts) leading to prolonged survival of some 
pathogens; root crops such as onions are more prone to contamination and facilitate 
pathogen survival. 
 
2.8 Pathogens in wastewater and related diseases 
  The potential benefits of wastewater irrigation must be weighed against the 
health hazards that may result from this practice. The large variety of pathogens 
present in domestic wastewater is derived from the faeces and urine of infected 
human and animal hosts which find a direct route to the wastewater collection system. 
The pathogens of concern are bacteria, helminthes, protozoans and viruses. 
 
2.8.1 Bacteria 
  Bacteria are the most common of the microbial pathogens found in wastewater 
and recycled water (Toze, 1999). Bacterial pathogens are metabolically active 
microorganisms that are capable of self-replication and are therefore, theoretically 
capable of replicating in the environment. In reality, however, these introduced 
 33
pathogens are prevented from replicating themselves by environmental pressures 
(Toze and Hanna, 2002). Like other enteric pathogens, a common mode of 
transmission is via contaminated water and food and by direct person to person 
contact (Hass et al., 1999). In many tropical countries the majority of communicable 
diseases are excreta-related. The excreted bacterial pathogens of most public health 
significance cause diseases such as dysentery, typhoid, and gastroenteritis (Bryan, 
1977). Salmonella, pathogenic E. coli, Campylobacter jejuni and Shigella are the 
main bacterial agents of diarrhoea.  
 
Salmonella (salmonellosis and the enteric fevers) 
  Bacteria from the genus Salmonella are responsible for enterocolitis (formerly 
gastroenteritis) and the enteric fevers (typhoid and paratyphoid fevers) in man and, for 
enteric infection commonly referred to as salmonellosis in animals (Cruikshank, 
1975). Salmonellosis is in fact any infection with bacteria of genus Salmonella. 
Salmonella enteritidis and Salmonella typhimurium are the most frequently reported 
non-typhodal serotypes in many countries and outbreaks have been associated with a 
diverse range of food vehicles (SCF, 2002). Human salmonellosis is generally 
associated with enterocolitis, diarrhea, abdominal pain, and vomiting usually lasting 
4-7 days (Anon, 2001). Septicaemia is rarely associated with Salmonella. Animal 
salmonellosis, particularly bovine salmonellosis, includes these symptoms plus 
depressed milk yield and abortion in the acute forms of the disease. 
  Salmonella are common worldwide, although particular serotypes seem to be 
more common in specific parts of the world. It seems that today S. typhi occurs 
mainly in the developing countries and the few cases found in the industrialized 
nations are usually contracted abroad (Feachem et al., 1983). S. typhi and the three 
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paratyphoid bacilli, responsible respectively for typhoid and paratyphoid fevers, are 
primarily parasites of man, while other salmonellae are primarily parasites of animals. 
Infections with S. typhi, S. paratyphi, and S. schttmulleri usually confer a degree of 
immunity and future reinfections are generally milder (Cruikshank, 1975). 
  Salmonellae are one of the most predominant pathogenic organisms found in 
sewage. Their concentrations may fluctuate and reported numbers of salmonellae in 
sewage are as low as 2.3 100 ml-1 and as high as 8000 100 ml-1 (Feachem et al., 
1983). They may also multiply in wastewater (Kampelmacher, 1977).  
  The genus Salmonella comprises over 1700 serotypes. It is generally 
distinguishable from the other members of the family enterobacteriacae by means of 
lengthy biochemical tests and further confirmed by serology. It is also through 
serological examination that it is possible to distinguish between different 
Salmonellae. 
  Infections sources are generally food and drink previously contaminated with 
Salmonellae. Water, milk and other dairy products, shellfish, dried or frozen eggs, 
meats and meat products (either from infected or contaminated animals), animal dyes, 
and household pets are important sources of Salmonella infection (Jawetz et al., 
1984).  
  Typhoid fever is transmitted from human excreta via contaminated food or 
drink or directly due to poor personal hygiene. The sources of infection are usually 
chronic asymptomatic carriers (Van Schothorst and Beckers, 1978). Water is 
commonly the vehicle of infection via sewage, although direct contamination of foods 
and water may occur due to lack of hygiene. In developing nations where the practice 
of fertilization with night soil is still common, where raw sewage is used to irrigate 
salad crops and where the lack of adequate sanitation and hygiene is a reality, typhoid 
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and paratyphoid fevers are still endemic. The endemic nature of typhoid fever in 
Santiago, Chile is thought to result from irrigation of vegetables with raw sewage 
(Sears et al., 1984). These infections are rare in the developed world. 
  Salmonellosis is considered today one of the most important bacterial 
zoonoses in the world. In fact, the incidence of typhoid fever has decreased in most 
developed nations, while other salmonella infections have increased, over the last few 
decades. Salmonellae are commonly isolated from poultry and livestock. Pigs and 
poultry may be healthy carriers of salmonella. Animals may acquire salmonellae from 
parent animals, other animals, contaminated feed and litter, and from the environment 
of the sty contaminated by wild birds, rodents, insects, dogs, and other visitors 
(Havelaar, 1986). When infected animals are slaughtered, their intestinal contents 
may contaminate the carcasses of healthy ones thus spreading the infection 
considerably. Further contamination may occur in butchers’ shops, and even in 
domestic kitchens. 
 
Pathogenic Escherichia coli and diarrhoea 
  Pathogenic E. coli is the most common cause of infantile diarrhoea in several 
countries, particularly in the developing world. The so-called “traveller’s diarrhea” is 
also believed to be caused by some strains of E. coli (Merson et al., 1976). There is 
currently evidence that pathogenic E. coli is one of the most common pathogens 
associated with the endemic life-threatening diarrhoea in many countries, e.g. Brazil 
(Guerrant et al., 1983), Bangladesh (Black et al., 1981), and Guatemala, El Salvador 
and Indonesia (Feachem et al., 1983) among others. 
  The clinical symptoms of the diarrhoea produced by pathogenic E. coli 
resemble those of similar diseases caused by other enteric pathogens. It may be the 
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severe diarrhoea similar to the cholera syndrome, a dysentery-like syndrome or a 
milder form of diarrhoea. Symptomless carriers are common, especially in high areas 
of prevalence of such organisms, where they acquire a degree of immunity and are 
less prone to develop diarrhoea on re-exposure to pathogenic E. coli. It seems that 
children over 1 year old develop antibodies, becoming more resistant to the infection, 
while adults are susceptible to “new” strains (Feachem, 1983). Thus, the high-risk 
group is constituted by infants of up to 12 months of age. 
  Most E. coli are not pathogenic and are part of the normal human and animal 
gut flora. The enterovirulent E. coli include seven groups believed to be associated 
with diarrhoea. They are defined  based  on  the  presence  of  known  or  presumed  
virulence  factors  including  toxin production,  adhesion,  and  invasiveness  
(Sussman,  1997;  Dupont  and  Mathewson,  1998; Nataro and Kaper, 1998). The 
types are described as follows: (i) Attaching and effacing E. coli (AEEC); (ii) Diffusely 
adherent E. coli (DAEC); (iii) Enteroaggregative E. coli (EAggEC); (iv) 
Enteroinvasive E. coli (EIEC); (v) Enteropathogenic E. coli (EPEC); (vi) 
Enterotoxigenic E. coli (ETEC); and (vii) Verocytotoxin-producing E. coli (VTEC). 
EPEC have been associated with outbreaks of gastrointestinal illness in 
nurseries and hospital wards. ETEC is a common cause of infection in children in 
tropical countries and among travelers (Anon, 1994; Dalton et al., 1999). EIEC are 
rare causes of diarrhoea and dysentery in travellers. EAggEC has been associated 
with diarrhoeal illness in infants and travellers and has been linked to outbreaks 
(Smith et al., 1997; Spencer et al., 1999; Anon, 2000b). The infectious intestinal 
disease (IID) study in England (Anon, 2000b) found that after correcting for foreign 
travel, consumption of salad at a restaurant was associated with an increased risk 
(four fold) of infection with EAggEC.  Less is known about AEEC and DAEC. The 
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case- fatality rate of EPEC, ETEC and EIEC infections in industrialised countries is 
less than 1% (Anon, 2000a). 
Members of several different serogroups of E. coli produce verocytotoxins 
(VTEC) but the most commonly recognized is O157:H7, first identified as a human 
pathogen in 1982 (Riley et al., 1983). This has since emerged as a serious public 
health problem with major outbreaks in Europe, North America, and Japan (Slutsker 
et al., 1997; Mead and Griffin, 1998; Michino et al., 1998). Infection can involve 
severe diarrhoea that is bloody together with abdominal pain. Symptoms usually 
occur for 5-10 days (Anon 2001).  Complications such as haemolytic uraemic 
syndrome (HUS) may develop in a proportion of cases particularly young children. 
The c a s e - f a t a l i t y  r a t e  in industrialised countries is about 2% and is highest 
in infants and children (Anon, 2000a). 
 
Campylobacter spp.  and Campylobacteriosis 
These organisms were formerly grouped as vibrios and were known mainly as 
animal pathogens causing sepsis, abortion or enteritis. Campylobacter jejuni is currently 
a member of the genus Campylobacter, and is now recognized as a common human 
pathogen (Jawetz et al., 1984). Campylobacter spp. and in particular, Campylobacter 
jejuni, are thought to be the most frequent bacterial cause of gastrointestinal 
disease in humans (Tauxe, 1992; Allos and Taylor, 1998; Anon, 2000a, b).  Animals  
and  birds  are  the  main  reservoir  of  human  pathogenic Campylobacter (Doyle and 
Jones, 1992; Stern, 1992; Altekruse et al., 1994) although water is also  a  potential  
source  for  contamination  with  these  organisms  (Koenraad  et  al.,  1997; 
Chynoweth  et al.,  1998; Buswell  et al., 1999; Mason  et al., 1999). There is also 
potnetial for cross-contamination of fresh produce with Campylobacter from meat 
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and poultry during food preparation (Beuchat, 1995).  Although   campylobacters   are   
an important cause of sporadic human infections they are rarely reported as causing 
outbreaks of gastrointestinal disease (Anon, 2000a, b).  Campylobacter infections 
usually present themselves  as abdominal pa in  profuse diarrhoea and malaise with 
duration of 2-7 days. Bacteraemias are rare and the case- fatality rate in industrialised 
countries is about 0.05% (Anon 2000a). 
 
Shigella and shigellosis 
The natural habitat of shigellae is limited to the intestinal tracts of humans and 
other primates, and a number of species are known to cause bacillary dysentery. 
Bacillary dysentery occurs in many parts of the world, prevailing in the areas with 
poor hygiene conditions. Different species of Shigella seem to be relatively more 
important in different parts of the world. In South America, Asia, and Africa, S. 
dysenteriae is commonly the cause of severe illness, while in the developed world the 
majority of the cases of illness are related to S. sonnei. S. sonnei   is primarily spread 
by the person-to-person   route   although   food   and waterborne transmission can 
occur. 
The usual route of transmission is faeco-oral where food handling, faeces and 
flies transmit shigellae from person to person. Shigellosis can be endemic in 
institutional settings such as prisons, mental hospitals and nursing homes, where 
population densities are high and/or poor hygiene conditions may be present.  
Shigella infection usually presents itself as abdominal cramps, fever and diarrhoea, 
which may contain blood and mucus. The duration of illness is 4-7 days (Anon, 
2001).  The case-fatality rate in industrialized countries is estimated to be 0.1% 
(Anon, 2000a). 
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2.8.2 Protozoa, helminthes, viruses, and associated diseases 
Protozoa 
There are several species of protozoan pathogens which have been isolated 
from wastewater and recycled water sources (Gennaccaro et al., 2003). The three 
most common pathogenic protozoans are: Entamoeba histolytica, Giardia intestinalis, 
and Cryptosporidium pavum (Toze, 1997). Infection from all three can occur after 
consumption of food or water contaminated with the (oo)cysts or through person to 
person contact (Carey et al., 2004). Infection is transmitted through ingestion of 
environmentally resistant cysts which develop from the vegetative, environmentally 
non-resistant form (trophozoite) in the lower parts of the large intestine and are shed 
in the excreta (Cross, 1986). 
There are few studies on the occurrence and survival of protozoa in sewage, 
and fewer reports on epidemiological evidence of related infections. This is partly due 
to the relatively little importance given by researchers to the presence of protozoa in 
wastewater, who commonly rely on the idea that protozoa infections are uncommon. 
This may be true to a certain extent in the developed world, as the infections seem to 
be associated with unsanitary conditions and poverty which affect only the lower 
socioeconomic groups of society.  
The incidence of such infections are relatively low in the developed nations 
compared to that of the tropical developing countries, where many areas are endemic 
with a high proportion of the population as healthy carriers, continuously 
contaminating the environment and spreading disease (Kott and Kott, 1967). 
However, there has been an increase in the reported incidence of giardiasis in the U.S. 
since 1971 (Craun, 1981). These reports not withstanding, the presence of protozoa in 
wastewater is of importance, especially in endemic areas, as is their potential for 
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contaminating food crops, especially salad crops. The protozoa and their related 
diseases which have a public health importance and are commonly found in 
wastewater are briefly reviewed here.    
 
Entamoeba histolytica and amebiasis 
Entamoeba histolytica is a parasite of humans, certain primates, dogs and cats, 
and it is mostly asymptomatic to all except man or animals under stress. It causes an 
illness known as amoebic dysentery, which is caused also by other amoebae not 
always of enteric origin. 
Morbidity is not easily assessed, and active invasion is estimated to be over 
40% in asymptomatic carriers. Mortality rates vary in different countries, ranging 
from 0.02 to 6% (Feachem et al., 1983). Cysts are usually ingested through 
contaminated water, and contaminated food (mainly vegetables). If they are viable, 
they will hatch in the intestines and will produce an infection which may present 
symptoms or not, and which may be invasive. 
 
Giardia intestinalis and giardiasis 
Giardia intestinalis (formerly known as Giardia lamblia) is a flagellated 
protozoan, and it is the most commonly isolated of all intestinal pathogenic protozoa 
in the world, including developed nations which are usually free from helminthic 
infections. It is one of the most common of all enteric pathogenic parasites (Feachem 
et al., 1983; Toze, 1997). G. intestinalis is normally either non-pathogenic or weakly 
pathogenic to humans. It is the cause of giardiasis in man, an infection which may be 
asymptomatic or not. 
Giardiasis is a worldwide disease (in the order of 10%); it is most common in 
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poor communities of the developed world or in developing countries. Although this 
parasite has been known since 1681, only limited attention was paid to its effects 
(Armon et al., 2002). Its prevalence can reach 30 or more percent in communities with 
low standards of hygiene (Cross, 1986). The disease is usually endemic to some areas, 
as a result of the continuous contamination of the environment with Giardia cysts, by 
numerous asymptomatic carriers. Giardiasis is mainly acquired by transmission of cysts 
of G. intestinalis via soiled hands, contaminated drinking water, and food 
contaminated with faeces (Petersen et al., 1988; Mintz et al., 1993). Generally, 
personal contact in areas of poor hygiene, overcrowding and general lack of sanitary 
conditions, is responsible for transmission. Cysts survive well in the environment and 
are resistant to chlorination in water supplies.  Giardiasis may cause chronic 
diarrhoea, malabsorption and weight loss  wi th  symptoms persisting for several 
months (Hill, 1993; Anon, 2001). 
Although G. intestinalis is a parasite of man, it has infected animals. There is 
also some evidence that animal Giadia species do infect man. This suggests that 
perhaps host specificity among the various species is, in reality, far less than it was 
once believed (WHO, 1981). 
 
Cryptosporidium and cryptosporidiasis 
Although most outbreaks of cryptosporidiosis are waterborne, the infection 
can be acquired by consumption of food contaminated with Cryptosporidium spp. 
(Smith, 1993; MacKenzie et al., 1994; Anon, 1996; Guerrant, 1997; Robertson and 
Gjerde, 2000). The oocysts of Cryptosporidium are resistant to environmental 
stresses, even to chlorine treatment used as a disinfection treatment in water 
supplies.  The low infectious dose (approximately 30 Cryptosporidium oocysts) is 
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capable of causing serious infections in waterborne outbreaks (Smith and Rose, 1990; 
Smith et al., 1993 in Armon et al., 2002). C. parvum causes an acute self-limiting 
diarrhoeal illness in immunocompetent individuals and chronic debilitating   
disease   in the immunosuppressed   (Anon, 1990; Casemore, 1991). Illness may last 
for days to several months (Anon, 2001). 
 
Helminthes 
There are many species of helminthes which can cause severe illnesses. The 
excreted worms of major public health concern and which can infect man by means of 
contact with wastewater, and the diseases they cause are reviewed here. 
The number of worms is of great importance in evaluating the severity of 
helminthic infections as the intensity of the infection seems to be directly related to 
the worm burden of an individual. The number of worms carried by an infected 
person can increase over long periods of time, due to frequent reinfections. Over long 
periods of time these will gradually increase the number of worms carried by an 
infected person, which will take a considerable amount of time to develop a 
pathological infection. This contrasts with bacteria, protozoa, viruses and which cause 
infections after a short period after an infective dose reaches the human host (Shuval 
et al., 1986). 
The pathogenic helminthes are divided into two major groups: the nematodes, 
or roundworms, and the flatworms which comprise the cestodes (tapeworms) and the 
trematodes (flukes). The nematodes may cause obstructions in the intestines, prolapse 
of the rectum, anemia, and other symptoms are specific to particular roundworms. 
The tapeworms deprive their human hosts of nutrients giving rise to health 
debilitation, while some trematodes’ eggs may cause damage to various organs. 
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Trematodes are not considered here as they depend on aquatic hosts for completion of 
their life cycle. 
 
Ascaris lumbricoides and ascariasis 
This helminth is the human roundworm and the cause of one of the most 
common helminthic infections, ascariasis, in many countries. Although a large 
proportion of the infections are symptomless, even small numbers of worms may be 
sufficient to deprive a child from important nutrients, such as protein and vitamin A 
and C (Jawetz et al., 1984). This is an important infection from the public health point 
of view as eggs are transmitted via faeces and conventional treatment of sewage, 
(with the exception of waste stabilization ponds) results in poor removal (Shuval et 
al., 1986). 
Ascariasis prevails among poor people and is widespread in warm climates, 
being one of the most common infections, in the developing countries. According to 
Bratton and Nesse (1993), ascariasis, is endemic in Africa, Latin America, South 
America, and the Far East, with an incidence up to 90% in specific sectors of the 
population. The most important factors responsible for the high prevalence ascariasis 
in the world are closely related to poverty (human defecation habits, poor housing, 
lack of adequate water supplies, and sanitation).   
 
Trichuris trichiura and trichuriasis 
T. trichiura causes trichuriasis, an infection in the large intestine and cecum of 
man. Although light infections are often symptomless, heavy burdens may be of 
serious consequence particularly to malnourished children. Whipworm infection is 
common throughout the world, particularly in humid warm climates and in the 
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poorest communities. The transmission route is basically faeco-oral, the main causes 
of the spread of the infection being poor personal hygiene, lack of appropriate excreta 
disposal facilities, and sewage farming with raw wastes. As with A. lumbricoides, it is 
largely removed from the final effluent of secondary treatment plants, being 
frequently recovered in the sludge, while it is totally removed by well designed 
stabilization ponds (Shuval et al., 1986). 
 
Ancylostoma duodenale, Nector americanus and ancylostomaiasis 
Ancylostoma duodenale and N. americanus are the human hookworms 
producing ancylostomiasis, an infection in the small intestine. The major transmission 
route is penetration of larvae through the skin, and faeco-oral transmission is less 
significant, especially for Nector (Rose, 1986). The infection is of public health 
concern as it can severely handicap young children (mental and physical retardation) 
and young adults (iron deficiency anemia, weakness, debilities) who are heavily 
infected. 
 
Strongyloides stercoralis and strongyloidiasis 
The diagnosis of light infections of S. stercoralis is extremely difficult because 
of the intermittent pattern of larva excretion in the human faeces, and consequently its 
prevalence is difficult to estimate. Strongyloidiasis does occur throughout the tropical 
world and is very common in eastern European countries (Dawood, 1986). Similar to 
hookworms, S. stercoralis (the threadworm) infective larvae in faeces penetrate the 
human skin (usually the feet) and migrate to the lungs, up the trachea to the 
oesophagus, are swallowed, and finally reach the small intestine. It has a particularity 
almost unique among the nematodes, to perpetuate themselves by producing new 
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generations of infective larvae in the intestinal mucosa; infections lasting for periods 
of 20-30 years are well documented (WHO, 1981).  
 
Taenia spp. and human taeniasis 
Man is the definitive host of only two species, T. solium and T. saginata, 
representing the pork and beef tapeworms, respectively. They both cause human 
taeniasis but T. solium can also cause human cystticercosis, i.e the invasion of the host’s 
organism by larval stages liberated in the intestinal lumen. The adult tapeworm passes 
its eggs inside the human intestine which are later excreted. These eggs are infective to 
the intermediate hosts (cattle and pig) which can develop cysticercosis. Animal 
cysticercosis is caused by the larval stage of both species, and severely infected animals 
are not suitable for human consumption, leading to financial losses in endemic areas 
(WHO, 1981). Man acquires the infections by eating raw or undercooked beef or pork, 
or through autoinfection when hygiene is poor. Both T. solium and T. saginata are 
common in most countries where these eating habits occur. 
Indiscriminate defecation and spread of untreated human wastes to areas where 
cattle graze or pigs have access are the main cause of the spread of infective eggs. This 
is common in many developing countries, thus the high rates of infection in herds in 
Africa (80%) (WHO, 1979). In developed countries, it is thought that eggs are spread to 
pastures by means of sewage sludge applications or birds which feed on sewage 
treatment plants. 
 
Enterobius vermicularis and enterobiasis 
This roundworm, also known as oxyuris, is one of the most common 
helminthic infections. Its significance from the public health standpoint is a major one 
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as its effects are itching and discomfort near the anus. Also its eggs are spread through 
personal contact rather than faeces. 
 
Viruses 
Foodborne viruses causing human diseases originate from human faeces. 
Many enteric viral infections are mild and of relatively short duration (Appleton, 
1991; ACMSF, 1998). Most cases are probably not identified because specimens are 
not commonly examined for viruses and the detection methods used routinely 
identify only some of the viruses known to cause infectious intestinal disease (IID). 
Transmission is mainly by person-to-person contact by inhalation   of   airborne   
droplets and faecal contamination.   Many outbreaks   of   viral gastroenteritis  
associated  with  fresh  fruit  and  vegetables  have  been  described  (Appleton, 1991; 
Hedberg and Osterholm, 1993; ACMSF, 1998; Anon, 1999). 
Hepatitis  A  and  Norwalk-like  viruses  (NLV)  (formally  known  as  Small  
Round Structured Viruses [SRSVs]) are the most commonly documented viral 
contaminants in food (ACMSF, 1998; Anon, 1999). Hepatitis  A  has  been  associated  
with  shellfish  harvested  from  contaminated  waters,  raw produce,  cooked  foods  
and  uncooked  foods  that  are  not  re-heated  after  contact  with  an infected   food   
handler (ACMSF,   1998;   Anon, 1999).   In   countries with faecal-oral transmission 
of the hepatitis A virus most of the exposed children acquire active immunity by 5 
years of age.  Improved sanitation has reduced the incidence of hepatitis A 
infections in many regions. Symptoms of hepatitis A infection include diarrhoea, 
jaundice and flu-like illness. The duration of illness is variable lasting from 2 weeks to 3 
months (Anon, 2001). 
Outbreaks of NLV are common in children and adults of all ages in hospitals, 
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nursing homes, hotels and institutions where the virus is usually transmitted from 
person to person. The virus can be spread in aerosols and the infectious dose is 
considered to be very low (10-100 virus particles). Foodborne outbreaks have been 
associated with infected food handlers and with shellfish  or  vegetables  
contaminated  by  human  sewage  (Hedberg  and  Osterholm,  1993; ACMSF, 1998; 
MMWR, 2001). De Roever (1998) concluded that the number of cases caused by NLV 
is most likely underreported. NLV infection is usually associated with nausea, 
vomiting and diarrhoea lasting 20-60 hours (Anon, 2001). 
 
2.9 Health risk reduction methods 
  The health-based target of a tolerable additional burden of disease of ≤10−6 
DALY (Disability Adjusted Life Years) per person per year (pppy) can be achieved, 
when treated wastewater is used for crop irrigation, by a combination of health-
protection measures that produces an overall pathogen reduction of 6−7 log units 
(WHO, 2006). These control measures include crop restriction, wastewater 
application methods, pathogen die-off between last irrigation and consumption, food 
preparation measures, human exposure control, and wastewater treatment.  
2.9.1 Crop restriction 
Crop restriction can be used to protect the health of consumers when water of 
sufficient quality is not available for unrestricted irrigation. For example, water of 
poorer quality can be used to irrigate non-vegetable crops such as cotton or crops that 
will be cooked before consumption (e.g., potatoes). However, crop restriction does 
not provide protection to the farm workers and their families where a low quality 
effluent is used in irrigation or where wastewater is used indirectly (i.e., through 
contaminated surface water) (Blumenthal et al., 2000b). Crop restriction is therefore 
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not an adequate single control measure, but should be considered within an integrated 
system of control. In Chile, the use of crop restriction when implemented with a 
general hygiene education program reduced the transmission of cholera from the 
consumption of raw vegetables by 90% (Monreal, 1993). 
  Experience from Hyderabad, India, indicates that restricted irrigation is not 
synonymous with restricted farmer income when there is a profitable crop alternative. 
Two of the most profitable wastewater-irrigated crops are para grass (used to feed 
water buffalo) and jasmine (Jasminum officinale) flowers used for flavouring tea 
(Buechler and Devi, 2003).  
 
2.9.2 Wastewater application methods 
Choosing a wastewater application method can impact on health protection of 
farm workers, consumers, and nearby communities. Because of the formation of 
aerosols, spray/sprinkler irrigation has the highest potential to spread contamination 
on crop surfaces and affect nearby communities. Where spray/sprinkler irrigation is 
used with wastewater it may be necessary to set up a buffer zone (e.g., 50–100 metres 
from houses and roads) to prevent health impacts on local communities (Mara and 
Cairncross, 1989). Setting up an adequate buffer zone could lead to a 1-log unit 
pathogen reduction (NRMMC and EPHCA, 2005).  Also, spray drift away from the 
site of application can be reduced by using techniques such as low-throw sprinklers, 
micro-sprinklers, part-circle sprinklers (180° inward throw), tree/shrub screens 
planted at field borders, and anemometer-switching systems (NRMMC and EPHCA, 
2005).  
Farm workers and their families are at the highest risk when furrow or flood 
irrigation techniques are used. This is especially true when protective clothing is not 
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worn and earth is moved by hand (Blumenthal et al., 2000b). Localized irrigation 
techniques (e.g., bubbler, drip, trickle) offer farm workers the most health protection 
because the wastewater is applied directly to the plants. Localized irrigation is 
estimated to provide an additional pathogen reduction of 2−4 log units, depending 
upon whether the harvested part of the crop is in contact with the ground or not 
(NRMMC and EPHCA, 2005). Although these techniques are generally the most 
expensive to implement, drip irrigation has recently been adopted by some farmers in 
Cape Verde and India (Kay, 2001). Vaz da Costa Vargas et al. (1996) has shown that 
cessation of irrigation for 1-2 weeks prior to harvest can be effective in reducing crop 
contamination. However, this is likely to be difficult in unregulated circumstances 
because many vegetables need watering nearly until harvest to maintain their market 
value; but, this may be possible with some fodder crops that do not have to be 
harvested at the peak of their freshness (Blumenthal et al., 2000b). 
   
2.9.3 Pathogen die-off before consumption 
 The interval between final irrigation and consumption reduces pathogens 
(bacteria, protozoa and viruses) populations by approximately 1 log unit per day 
(Petterson and Ashbolt, 2003).  The precise value depends upon climatic conditions, 
with more rapid pathogen die-off (approximately 2 log units per day) in hot, dry 
weather and less (approximately 0.5 log unit per day) in cool or wet weather without 
much direct sunlight.  This reduction is extremely reliable and should be taken into 
account when selecting the combination of wastewater treatment and other health 
protection measures. It must however be stressed that helminth eggs can remain 
viable on crop surfaces for up to two months, although few survive beyond 
approximately 30 days (Strauss, 1996). 
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2.9.4 Human exposure control 
  Agricultural fieldworkers are at high potential, and often actual risk, of 
parasitic infections.  Exposure to helminth infection can be reduced, even eliminated, 
by the use of less-contaminating irrigation methods and by the use of appropriate 
protective clothing (i.e., shoes or boots for fieldworkers and gloves for crop handlers).  
These health protection measures have not been quantified in terms of pathogen 
exposure reduction but are expected to have an important positive effect.  This is 
especially true for wearing shoes or boots where there is a risk of hookworm or 
schistosomiasis transmission.  Field workers should be provided with access to 
sanitation facilities and adequate water for drinking and hygiene purposes, in order to 
avoid the consumption of, and any contact with, wastewater.  Similarly, safe water 
should be provided at markets for washing and “freshening” produce.  A study 
conducted in Peru indicated that wastewater-irrigated crops with acceptable levels of 
bacteria at the farm were frequently recontaminated in the market (Castro de Esparza 
and Vargas, 1990, in Peasey et al., 2000). 
  Effective hygiene promotion programmes are almost always needed 
(Blumenthal et al., 2000).  These should target fieldworkers, produce handlers, 
vendors and consumers.  Hand washing with soap should be emphasized.  It may be 
possible to link hygiene promotion to agricultural extension activities or other health 
programmes (e.g., immunization programmes).  
  The risk of cattle ingesting helminth eggs from the soil is high because grazing 
cattle may ingest 1–18 percent of their dry-matter intake as soil and sheep as much as 
30 percent, depending upon the management and supply of grass (Cabaret et al., 
2002).  Although Taenia eggs have been known to survive for several months on 
grazing land, the risk of bovine cysticercosis is greatly reduced by ceasing wastewater 
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application at least two weeks before cattle are allowed to graze (Feachem et al., 
1983).  Tapeworm transmission can be controlled by good meat inspection, provided 
that animals are slaughtered only in recognized abattoirs where all carcasses are 
inspected and all infected carcasses rejected.  Precautions against schistosomiasis 
transmission in endemic areas should also be taken.  For example, fieldworkers 
should be given boots to wear when working in irrigation canals.  On large 
commercial wastewater-irrigation schemes molluscicides may be added to the treated 
wastewater as it leaves the treatment works. 
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CHAPTER 3 
3.0 MATERIALS AND METHODS 
3.1 Organization of the Study  
The research was carried out in two phases: Phase 1 (a preliminary study) was 
undertaken to obtain the background information on urban and peri-urban vegetable 
production in and around three cities in Ghana. This included the assessment of the 
hygienic quality of irrigated vegetables produced and sold in three major cities of 
Ghana and an understanding of the public health implications. Phase II was carried 
out in two cities to assess the contamination pathways of pathogens (bacteria and 
helminths) on wastewater irrigated crops to determine where interventions should be 
placed and to suggest appropriate health risk reduction strategies at food preparation 
points.  
3.2 The study area(s) 
Ghana lies at the shores of the Gulf of Guinea in West Africa (4o 44’N and 11o 
15’N; 3 o 15’W and 1o 12’E). It borders Burkina Faso to the north, Togo to the east 
and Côte d’Ivoire to the west. It has a population of about 19 million, with annual 
growth rate of 2.7%. About 44% of Ghana’s total population lives in urban areas. 
Some urban centres have annual growth rates as high as 6%, more than twice the 
country’s average rate (Ghana Statistical Services (GSS), 2002). Urban centres with 
such growth rates includes ‘Mega Accra’ that encompasses Accra, Tema and Ga 
districts with 2.7 million inhabitants and Kumasi with 1.0 million inhabitants. The 
overall national population density is 79 persons/km2 (GSS, 2002). Agriculture is the 
mainstay of the Ghanaian economy, contributing 36% of the gross domestic product 
(GDP) and employing 60% of Ghana’s labour force. The average annual per capita 
income of those employed in agriculture is estimated at US$390. 
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Annual rainfall ranges from 800 mm in the coastal areas to 2,030 mm in the 
southwestern rainforests (Agodzo, 1998). The country’s surface hydrology comprises 
three main river basins: the Volta basin that covers about three-quarters of the 
country’s surface, the southwestern, and the coastal basin systems.  
The first phase of the study was carried out in three main Ghanaian cities: 
Accra, Kumasi and Tamale (Figure 3.1). These cities are located in three different 
agro-ecological zones (Coastal Savanna for Accra, Moist Semi Deciduous Forest for 
Kumasi, and Guinea Savanna for Tamale) 
Figure 3.1. Map of Ghana showing location of the study areas. 
Accra is the capital city of Ghana with a population of about 1.7 million (GSS, 
2002). It is located in the Gulf of Guinea in the coastal savannah belt. The total 
average rainfall for the wet and dry seasons in Accra are as follows: main wet 620 
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mm, short dry 65 mm, short wet 145 mm and main dry 92 mm. Kumasi is the capital 
town of the Ashanti Region and the second largest city in Ghana with a population of 
about one million (GSS, 2002). Kumasi is located in the forest belt of Ghana and the 
total average rainfalls for the wet and dry seasons in Kumasi are as follows: Main wet 
680 mm, short dry 220 mm, short wet 350 mm and main dry 160 mm. Tamale is the 
administrative and regional capital of the Northern Region. It is located in Ghana’s 
savannah zone and has a population of about 300,000 (GSS, 2002). In contrast to 
Accra and Kumasi, the Tamale Municipality is poorly endowed with water bodies. 
There are only a few seasonal streams.  
The second phase of the study was carried out at selected sites in Kumasi and Accra 
(Figure 3.2). 
 
Figure 3.2 Map showing the study sites in Accra and Kumasi. 
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In Accra, between 47 and 162 ha are cultivated with vegetables, with the 
higher figure in the dry season. In Kumasi, about 40 ha are cultivated throughout the 
year. The production takes place on some 5-8 major open spaces per city, usually 
along urban streams or drains or in inland valleys. In both cities, there are also 3 - 5 
larger markets and a significant number of community or neighborhood markets, 
which often specialize on vegetables and fruits. In this study, two major irrigated 
vegetable production sites were selected per city for sampling. Selection criteria were 
irrigation water sources and the type of vegetables grown (i.e. lettuce). The sites in 
Accra used water from drains and streams while those in Kumasi used water from 
streams or shallow wells close to streams of inland valleys. At least one of the two 
sites in each city had a group of farmers using piped water as irrigation water source 
over a period of at least three years. All the sites had similar land use history in terms 
of continuous vegetable cultivation and the use of poultry manure as preferred 
fertilizer sources for at least five years.  
 
3.3 Site description 
Dzorwulu and Marine Drive in Accra 
Dzorwulu is one of Accra’s suburbs with a major vegetable production site 
within the metropolis with a total land area of about 12 ha cultivated by over 300 
farmers. Most of the farmers use water from the Onyansa stream which receives 
wastewater from the surrounding communities and few others use piped water. 
Marine Drive is a smaller vegetable production site in Accra near the Independence 
Square and the Presidential office. The area is about 4 ha and has more than 100 
vegetable growers. Water for irrigation is from a local wastewater drain. Crops grown 
at Dzorwulu and Marine Drive sites are mainly lettuce, cabbage, and spring onions.  
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 Figure 3.3 Water and lettuce sampling sites at Dworwulu  
 Figure 3.4 Water and lettuce sampling sites at Marine Drive 
Two sites were also chosen in Kumasi. The Gyenyase site is the largest urban 
vegetable growing site in Kumasi with a total land area of about 6 ha with shallow 
dug out wells serving as irrigation water source. It is located next to the Kwame 
Nkrumah University of Science and Technology (KNUST) at latitude 06˚39’44”N 
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and longitude 01˚34’38”W. There are about 60 vegetable farmers at this site.  The 
second site, D line, is a suburb of KNUST. There are close to 40 farmers and a total 
cultivation area of about 3 ha. This site is located at 06˚41’14”N and longitude 
01˚33’58”W. Types of crops grown at these two sites are the same as those described 
for Accra. 
 Figure 3.5 A figure showing the study area and water sampling site at Gyenyase 
Figure 3.6 A figure showing the study area and water sampling sites at D’Line 
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3.4  Laboratory procedures 
3.4.1  Sterilization of equipment and material 
The best means of avoiding microbial contamination is to sterilize the 
materials used for microbiological analysis under laboratory conditions.  Hence all the 
materials used were sterilized using standard procedures. Petri dishes and test tubes 
were washed with soap and rinsed with water after which they were air-dried. The 
glassware were then sterilized by either putting them in a canister or wrapped with 
aluminium foil and put in an oven at 160º C for three hours.  
The inoculation room was sprayed with 3% thymol to prevent fungal and other 
cross contamination. The working benches were also cleaned or disinfected with 70% 
ethanol before and after use. The benches were allowed to dry for about one hour to 
get rid of traces of thymol before the room was used. 
All inoculum transfers were made aseptically in the inoculation room to 
prevent contamination of the media used. The inoculation loops or bent wires used 
were sterilized in naked flame until they were red hot. This was done before and after 
transfer of samples. The opening ends of all test tubes containing media to be used as 
well as those containing various samples were also flamed before and after transfers. 
 
3.4.2 Media preparation 
Solid media 
All solid media were prepared from dehydrated stocks according to the 
manufacturer’s instructions. All media were prepared with double distilled water, and 
pH adjustments were made by using a pH meter (WTW Wissenschaftlich-Techniche 
Werkstatten, Germany). 
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The media were prepared  by dissolving 47 g of MacCkonkey, 39 g of Endo, 
37 g of Eosin-methylene blue (EMB), 60 g of Salmonella-Shigella (SS), 26.6 g of 
Chromocult coliform, and 51.6 g of Sorbotol MacConkey (SMAC) agar in 1 litre of 
each reconstituted medium. Each of the prepared media was boiled to dissolve 
completely.  With the exception of SS and chromocult agar, each of the other media 
prepared was sterilized by autoclaving at 121oC for 15 minutes and about 20 ml 
volumes of a well mixed medium was poured aseptically into sterilized petri dishes 
and allowed to gel before inoculation. SS and chromocult agar were boiled in a water 
bath and stirred until complete dissolution. The reconstituted media were allowed to 
cool to about 50 oC pouring into sterile Petri dishes. 
 
Liquid media 
Forty grams of MacConkey Broth (powder) was dissolved in 1 litre distilled 
water and heated to help dissolution. Five milliliters of the broth medium were 
dispensed into test tubes fitted with Durham tubes and autoclaved as described above 
and allowed to cool before use. 
 
3.4.3 pH, temperature and electrical conductivity 
The pH, temperature and electrical conductivity of water and other 
preparations were simultaneously measured using pH/Cond 340i /SET (WTW 
Wissenschaftlich-Techniche Werkstatten, Germany). The pH electrodes were 
calibrated before every set of measurements by using any one (single-point 
calibration) of the WTW technical buffer solutions (pH values at 25 °C: 2.00 / 4.01 / 
7.00 / 10.01). These buffer solutions are automatically recognized by the measuring 
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instrument. After the calibration, the electrode was thoroughly rinsed with deionized 
water before the sample measurements were taken. 
 
3.5 Biological analysis 
3.5.1 Total and feacal coliform population estimations in irrigated vegetables and 
irrigation water 
 
Lettuce, cabbage and spring onion samples were analysed quantitatively for 
total and faecal coliforms, and helminth eggs. For coliforms, about 20 g of vegetables 
was weighed into 180 ml of phosphate-buffered saline and rinsed vigorously. Further 
tenfold serial dilutions were made and triplicate tubes of MacConkey broth supplied 
by MERCK (Germany) were inoculated from each dilution. Irrigation water samples 
were also serially diluted before inoculation and incubated at 37o C for total coliforms 
and 44.5o C for faecal coliforms for 24 to 48 hours (APHA-AWWA-WEF, 2001). 
Positive tubes (acid or gas production or both) were selected and the numbers of 
bacteria were obtained from MPN (Most Probable Number) (APHA-AWWA-WEF, 
2001).  
 
3.5.2 Quantification and identification of helminth eggs in irrigation water, soil, 
and vegetables. 
 
Helminth egg population in water, soil, and vegetables were determined using 
the flotation sedimentation method which is a modified US-EPA method by 
Schwartzbrod (1998). The identities of specific helminth eggs were established using 
colour charts for the diagnosis of intestinal parasites (WHO, 1994). 
Procedure used 
The reagents used were prepared as follows: 1) 573 g of zinc sulphate (Harris 
reagent; Philip Harris plc, Shenstone, England) was dissolved completely in one litre 
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of sterilized deionised water to produce zinc sulphate solution of specific gravity of 
about 1.2, and (2) Acid/alcohol buffer solution was also prepared by adding 5.16 ml 
H2SO4 to 350 ml of ethanol. Sufficient deionised water was then added to the 
acid/alcohol mixture to produce 1 litre of the solution. 
Irrigation water 
Irrigation water samples collected were allowed to settle overnight or at least 
for three hours. This was to enable the helminth eggs settle under their own weight. 
Much of the supernatant as possible was sucked up and the sediment transferred into 
15 ml centrifuge tubes. The 2-litre containers were rinsed 2-3 times with deionized 
water and the rinses were transferred into centrifuge tubes. The tubes were then 
centrifuged at 1,450 rpm for three minutes. The sediments in the centrifuge tubes for 
each sample were pooled into one centrifuge tube and centrifuged again at 1,450 rpm 
for three minutes. 
The supernatant was poured away and the deposit was re-suspended in about 
150 ml ZnSO4 (372 g/ l) of density 1.3. The mixture was homogenized with a spatula 
and centrifuged at 1,450 rpm. At a density of 1.3 (ZnSO4), all helminth eggs float 
leaving other sediments at the bottom of the centrifuge tube. The ZnSO4 supernatant 
(containing the eggs) was poured into a 2-litre flask and diluted with at least one litre 
of water. This was allowed to settle overnight for the eggs to settle again. As much 
supernatant as possible was sucked up and the deposit was re-suspended by shaking. 
The resuspended deposit was put into centrifuge tubes. The 2-litre container was 
rinsed 2-3 times with deionised water and the rinsed water added to the centrifuged 
tubes and centrifuged at 1600 rpm for three minutes. The deposit was pooled into one 
tube and centrifuged again at the same speed and for the same period of time.  
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Thereafter, the deposit was re-suspended in acid/alcohol (H2SO4 + C2H5OH), 
after sucking much of the supernatant, and ethyl ether was added. The mixture was 
shaken and the centrifuge tube occasionally opened to let out gas before centrifuged at 
2200 rpm for three minutes. After the centrifugation, a diphasic (lipophilic and 
aqueous phase representing the ethyl ether and acid/alcohol, respectively) solution 
was formed. With a micropipette, as much of the supernatant as possible (starting 
from the lipophilic and then the aqueous phase) was sucked up leaving about 1 ml of 
deposit. The deposit was observed on a Sedgwick-Rafter cell under the microscope 
(x100) and the eggs counted. 
 
Vegetables 
Methods of estimating populations of bacteria and helminth eggs on surfaces 
usually involve pre-treating the samples so as to release the microorganisms into a 
sterile diluent. “Stomaching” the vegetable samples with distilled water and tween 20 
(a detergent) was used to facilitate the release of the microorganism. About 100 g 
(fresh weight) of the vegetable was washed in about 1 litre of distilled water with 
about 5 ml of tween 20. The vegetables were rinsed with distilled water and the 
washed solution made up to at least 2 litres. The washed water was analysed for 
helminth egg as described above.  
 Soil  
  A 20 g (dry weight) portion of soil samples was blended at high speed in about 
200 ml distilled water with a small quantity of tween 20 for about 1 minute and the 
volume of the mixture was further increased to 2 litres. This mixture was allowed to 
settle and the number of helminth eggs determined as described above. The number of 
helminth eggs was expressed per gram soil (oven-dried weight basis) 
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3.5.3 Viability of helminth eggs  
Viability of the helminth eggs was determined using the safranine dying 
method developed by de Victorica and Galván (2003). The sediment obtained from 
the last centrifugation was stained by adding 2 to 3 drops of safranine O (2.5% in 
H2O) to the sediment, and the tubes were then filled with distilled water and 
centrifuged for 5 minutes at about 2900 rpm. The supernatant was poured off, the 
pellet re-suspended with water, and the tubes centrifuged again. This process was 
repeated 3 times. The sediment was then diluted with 0.1N H2SO4 and the total eggs 
were counted in the Sedgwick-Rafter cell, as described above. If the dye had 
penetrated the Ascaris eggs they were counted as non-viable.  
 
PHASE 1 
3.6 Agronomic practices, and sellers’ and consumers’ perception on inputs used 
and associated health risks of urban vegetable production in Ghana 
 
3.6.1 Questionnaire interviews  
Structured, semi-structured and open-ended questionnaires (see appendices A, 
B and C) were used to gather information from respondents from the three cities. The 
questionnaires were pre-tested and modified before use. A team of interviewers from 
each city was given two day training in questionnaire interview administration before 
pre-testing the questionnaires. After initial site visits to the major vegetable growing 
sites in the three cities, two randomly selected sites were chosen from each city (Nima 
Creek and CSIR; Engineering (KNUST) and Sepe; Bulpela and Sanani in Accra, 
Kumasi and Tamale, respectively) where the questionnaires for the farmer interviews 
were pre-tested. At each site, five randomly selected farmers were interviewed. Again 
10 irrigated vegetables sellers (both wholesalers and retailers) from the major markets 
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as well as individual sellers were randomly selected for the seller interviews. For the 
vegetable consumer survey, four persons each (majority of whom were street food 
vendors) were randomly selected from each city.   
All the answered questionnaires were analysed after the pre-testing exercise to 
identify among others things question defects, such as an ambiguous questions, the 
interviewing time and whether the answers given to them would enable us gather the 
required information. After that the necessary changes were made and the reviewed 
questionnaires pre-tested for the second time before the actual interviews. The sites 
used for the pre-testing exercise were not included in the main interviews. 
The main interviews 
A total of one thousand and fifty eight (1058) respondents from the three cities 
comprising 476 from Accra, 334 from Kumasi and 248 from Tamale were 
interviewed. Farmers, sellers, and consumers were interviewed separately. 
Farmer interviews 
Irrigated vegetable farmers producing vegetables usually to be consumed 
uncooked were selected for these interviews. Initial reconnaissance survey of about 39 
sites (15, 13 and 11 sites in Accra, Kumasi and Tamale, respectively) was undertaken. 
After initial site visits, 10 sites were randomly selected for the interviews in Accra, 8 
in Kumasi and 6 in Tamale. At least 10 farmers were randomly selected from each 
site. In all, 138 farmers in Accra, 100, in Kumasi; and 76 in Tamale were interviewed.  
Seller interviews 
Sellers of irrigated vegetables were randomly selected from major vegetable 
markets and other selling points in Accra, Kumasi, and Tamale for the interview. In 
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total, two hundred and ninety two (292) sellers were interviewed comprising 103 in 
Accra; 117 in Kumasi, and 72 in Tamale.  
Consumer interviews 
A total of about 452 respondents (consisting of consumers, street food vendors 
and restaurants operators) in Accra (235), Kumasi (117), and Tamale (100) were 
interviewed during this study. Interviews were conducted in the different communities 
in the three cities to cover a broad spectrum of the population. In each of the three 
cities at least two communities were randomly selected from each of the following 
socioeconomic strata: high, medium and low class areas. The purpose of the 
interviews was to gather information about handling including washing methods used 
for pathogen decontamination of vegetables before consumption. 
3.6.2 Direct observation  
To supplement or verify the interviews, about 30 irrigated urban and peri-
urban vegetable production sites in the three cities as well as most vegetable markets 
were visited. Farming practices and handling methods were monitored at irregular 
intervals over twelve weeks.  
3.6.3 Focus group discussion (FGD) 
Several focus group discussions were held with up to six farmers in each 
group and city to clarify responses obtained from the individual interviews.  
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3.7 Pesticide and microbiological quality of irrigated vegetables in Ghanaian 
urban markets 
 
3.7.1 Sampling of vegetables 
For leafy vegetables (lettuce, cabbage, and spring onions), the contamination 
is ‘distributed’ in all its leaves and therefore randomly sub-sampling of whole leaves 
is a suitable technique (Hayes, 1985). This technique was used for the sampling of 
field and market vegetables. This study was conducted over 3 months from October to 
December 2002. A total of one hundred and eighty (180) vegetable (lettuce, cabbage 
and spring onion) samples were collected from nine major markets and twelve 
specialized individual1 vegetable and fruit sellers in Accra, Kumasi and Tamale. At 
each market, samples were collected under normal purchase conditions, from three 
randomly selected sellers. A minimum of 3 composite samples- each containing 2 
whole lettuces), 3 bunches of spring onions (each containing 2 bulbs) and 3 cabbages, 
were collected from the upper, middle, and lower shelves of each seller, put in sterile 
polythene bags and then transported on ice to the laboratory where they were analysed 
immediately or stored at 4o C and analysed within 24 h. 
 
3.7.2 Chemical analysis for pesticide residues on lettuce 
Pesticides residue on lettuce was determined using the GC in accordance with 
previous studies by Ntow (2001). The procedure is described as follows: Gas 
Chromatograph (GC) (Hewlett Packard® 5890 series II) equipped with a Flame 
Ionisation Detector (FID) and following specification was used: a capillary column 
(60 m length, 0.25 mm i.d) coated with Varian® CP SIL 8 CB, film thickness 0.25 
um was used for the analysis. The oven temperature of 60oC (2 min) was increased at 
                                                 
1 These are sellers with permanent stalls outside designated markets. 
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35oC/min to 180oC, then increased at 2oC/min to 270oC, and finally increased at 
5oC/min to 310oC and held for 10 min. The injection volume was 2 ul (splitless). In 
addition to the above specifications the GC was also  equipped with a 63Ni electron-
capture detector and a capillary column (length, 30 m; i.d, 0.53 mm; film thickness, 
1.5 μm) coated with DB-5 was used. The initial injector temperature was 180oC. 
Other working conditions were: oven 150oC (2min) to 275oC at 10oC/min, detector 
310oC.   
Extraction and detection of pesticide residues on vegetables 
About 5g (fresh weight) of vegetable was homogenised in a mortar and 
extracted by soxhlet. In accordance with previous studies (Ntow, 2001), the samples 
were cleaned, concentrated, eluted with n-hexane in a Solid Phase Extraction (SPE) 
column, and injected onto capillary GC columns connected to various detectors. 
Sample peaks were identified by their retention times compared to the retention times 
of the corresponding pesticide standard obtained from the International Atomic 
Energy Agency (IAEA).  
 
3.7.3 Microbiological examination 
Faecal coliform and helminth egg populations on vegetables were determined 
using Most Probable Number (MPN) technique (APHA-AWWA-WEF 2001) and 
quantification method (Schwartsbrod, 1998), respectively (See section 3.5.1 and 
3.5.2) 
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PHASE II  
3.8 Microbiological and physico-chemical quality of irrigation water used in 
urban vegetable production 
 
3.8.1 Irrigation water sampling and analysis 
The first part of this study was to have an overview of the microbiological 
quality of irrigation water from different urban sources and was conducted in three 
Ghanaian cities: Accra, Kumasi and Tamale (see Figure 3.1). At this stage, grab 
samples were collected at major vegetable growing sites in each city. A total of 23 (9 
in Accra, 8 in Kumasi and 6 in Tamale) samples were collected from the major sites 
for analysis. 
The second part of the study which was to monitor the quality of irrigation 
water over a longer period of time was conducted in Accra and Kumasi. In each city, 
two major irrigated vegetable production sites were selected for sampling. Selection 
criteria were the source of irrigation water and the type of vegetables grown with 
emphasis on exotic vegetables likely to be consumed uncooked (e.g., lettuce). The 
sites in Accra use water from drains and streams while those in Kumasi use water 
from shallow wells and streams. At least one of the two sites in each city had a group 
of farmers using piped water as irrigation water source.  
Sampling of each irrigation water source was carried out between the hours of 
8 and 10 hours in the morning at the time farmers were irrigating (APHA-AWWA-
WEF, 2001). At each site, sterilized 200 ml glass bottles were used to collect water 
from three different points along the drain or stream. Piped water was collected 
directly from the water hose used by the farmers for irrigation. The water was allowed 
to run out of the hose for sometime before sampling. Samples from shallow wells 
were collected into three 200 ml bottles. A total of 312 composite water samples were 
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analyzed for total and faecal coliform populations (see section 3.5.1). One composite 
sample per week was collected from each irrigation water source for 52 weeks from 
May 2003 to April 2004. In all, six irrigation water sources were sampled - stream, 
shallow well, and piped irrigation water sources in Kumasi and drain, stream, and 
piped water in Accra. The samples were stored in cold icebox and transported to the 
laboratory where those from a particular site were combined into one composite 
sample in sterile flasks. The composite sample was then sub sampled for total and 
faecal coliforms population estimates within 24 hours without loss of cool storage. 
Sampling for helminth egg quantification (see method description at section 
3.5.2) in irrigation water was done twice every month for five months beginning 
November 2003 to March 2004 at all the selected sites. Two-litre samples of irrigation 
water were collected after deliberately disturbing the water to stimulate the agitation 
that might occur when farmers are filling their watering cans. This was intended to 
bring out the eggs, as they usually settle out under their own weight (Cornish et al., 
1999). 
The pH, electrical conductivity and temperature of the irrigation water sources 
were measured using pH/Cond 340i /SET (WTW Wissenschaftlich-Techniche 
Werkstatten, Germany) described earlier (see section 3.4.3). 
 
Heavy metal analysis 
Atomic absorption spectrophotometry (AAS) was used for the determination 
of heavy metals in irrigation water sources. In this method, a sample is aspirated into 
a flame and atomized. A light beam is directed through the flame, into a 
monochromator, and onto a detector that measures the amount of light absorbed by 
the atomized element in the flame (APHA-AWWA-WEF, 2001). The amount of 
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energy at a characteristic wavelength absorbed in the flame is proportional to the 
concentration of the element in the sample over a limited concentration range. The 
atomic absorption spectrophotometer (Unicam 699 AAS with 50 mm burner) with a 
detection limit of 0.001 mg/l and calibration ranges of 0.02 to 0.5 mg/l and 0.5 to 2.5 
mg/l was used. 
Reagents used consisted of nitric acid (HNO3) spectroscopy grade (65%, 1.42 
g/cm3 i.e. 14.6 M, Merck, Germany) deionized water for dilution and preparation of 
blanks, 10% (1.46 M) Nitric acid, 5 M Hydrochloric acid, multi element standard 
(Spectracan®, TEKNOLAB A/S, Drobak, Norway). All laboratory wares were 
washed with acid (10% HNO3) and rinsed thoroughly first with tap water and then 
with deionized water after which calibration standards and reagent blanks were 
prepared.  
After these preparations, the calibration blank was aspirated and a blank level 
established. The calibration blank and standard solutions were aspirated and 
calibration curves for each element constructed. At least 3 standard solutions in 
addition to the calibration blank were used to cover the linear range and every point at 
the calibration curve was based on replicate analysis. Quality control standards were 
analysed to verify the calibrations before the water samples were aspirated and the 
heavy metal concentrations determined.  
 
3.9 Sources of microbiological contamination of lettuce along the production-
consumption pathway 
 
Over a period of 12 months, starting from May 2003 to April 2004, a total of 
1296 lettuce samples were collected at different entry points from farm to the market. 
There were three main stages from harvesting on the farm to the main retail outlet 
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where consumers were ready to buy: (1) farm, where samples were collected just 
before harvesting, (2) wholesale market, where sellers converge before finally selling 
to (3) retailer, where samples were taken 2–3 h after vegetables have been displayed 
and, in part, refreshed.  The original set of lettuce was either irrigated with stream, 
drain, well or piped water. The coliform and helminth egg levels of these irrigation 
water sources were monitored regularly throughout the sampling period as described 
earlier (section 3.8.1). 
Twice every month, a minimum of three composite samples (each containing 
two whole lettuces) from each of the selected farm sites were randomly collected with 
sterile disposable gloves just before harvesting for sale at the market. These were put 
into separate sterile polythene bags and labeled as farm samples. The buyer was 
followed to the wholesale market where another set of samples from the same original 
stock was colleted before being finally sold to a retailer. At the final retail point, three 
composite samples were again sampled after vegetables have been displayed on the 
shelves for at least two to three hours which is an average turn-over period at the retail 
point.  
Sampled vegetables were transported on ice to the laboratory where they were 
analysed immediately or stored at 4o C and analysed within 24 hours for total/faecal 
coliform and helminth counts. To eliminate potential biases during analysis, 
laboratory staff were not informed of the source of the samples. 
 
3.9.1 Field trials of lettuce on farm to identify sources of contamination 
Field trials were conducted to identify the different possible sources 
(wastewater, poultry manure, and soil) of contamination. The experiments were 
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conducted at two vegetable growing sites in Accra in the major rainy season (May to 
July, 2004). 
Field plot design  
On the two farm sites in Accra, three repetitions of the same experiment were 
implemented in collaboration with the local farmers. For each trial, two adjacent 
plots, A and B, were used with each plot subdivided into four blocks. Each block 
contained four beds making a total of 16 beds per plot. Using a randomized complete 
block design, each of the four beds in a block was randomly allocated to one of four 
treatments. Lettuce was grown on raised bed of approximately 3 m2. Each bed had a 
total number of 64 lettuce plants at a spacing of 0.25 m. 
The four treatments consisted of three representative poultry manure samples 
PM1, PM2 and PM3 with average faecal coliform populations of 4.3 x 107; 2.4 x 105; 
and 3.3 x 103 100g-1 respectively, and one inorganic fertilizer NPK (F). The nutrient 
sources were applied to the beds two weeks after transplanting following farmer 
practices. Treatments on plot A at each site was irrigated with clean piped water while 
plot B was irrigated with wastewater from a drain.  The crops on a bed were irrigated 
once daily with approximately 30 liters of water every morning excluding rainy days. 
All work was done by the farmers as part of their standard routine. 
Soil sampling for microbiological analysis 
The precision of an estimate of microbial population of a soil depends on the 
degree of error in the analytical procedures and on how representative the samples are 
of the whole population. In soils where a random distribution of microbes can be 
assumed, as in this study, composite soil sampling can be adopted to keep the error at 
reasonable limits (Williams and Gray, 1973). Consequently, composite soil samples 
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were collected from the top 10 cm layer, where most bacteria are concentrated (Bell 
and Bole, 1978), using sterile spatulas and 60 mm diameter soil auger.  
Soil samples from the top 10 cm were collected from 6 randomly selected 
points on each bed, just before transplanting from nursery and combined into one 
composite sample per bed for the initial estimates of faecal coliform and helminth egg 
populations. The soil samples (approximately 500 g) were then placed in sterile 
polythene bags and immediately transported to the laboratory for analysis. Samples 
were placed in another polythene bag to retain humidity, and were kept refrigerated 
(4º C) until used within 24 hours. The analysis on each composite sample was carried 
out in duplicates. Samples were also taken from nearby plots with no previous history 
of vegetable production to serve as control. 
Dry weight determination  
The total number of coliform and helminth eggs in soils is usually expressed 
in soil dry weight basis. To achieve this, a known weight of soil sample was placed in 
glass dishes and left to dry in a hot air oven at 105˚C for 24 hrs. After drying, the 
samples were placed in a desiccator and allowed to cool before re-weighing. Mean 
dry weight was calculated and faecal coliform levels in soil expressed in dry weight. 
Sampling lettuce from trial plots  
Six lettuce heads were aseptically collected from each bed, four weeks after 
transplanting, and randomly combined into three composite samples of two lettuce 
heads per sample. The samples were kept in a refrigerator at 4oC and analysed within 
24 hours for faecal coliform and helminth egg populations. 
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3.10 Phenotypic characterization of the faecal coliform isolates on lettuce 
irrigated with water from different sources  
 
Bergey’s manual of systematic bacteriology (Holt, 1986) stresses the 
importance of obtaining a pure isolate before attempting to characterize a species. 
Techniques described in this manual for the isolation of pure cultures from a mixture 
of species were strictly followed. Bacteria cultures from farm samples collected 
during the contamination pathway study (see section 3.8.2) were used in this study. 
One of the positive MacConkey broth cultures (acid and/gas production) was 
randomly selected after the estimation of faecal coliform bacteria populations on 
lettuce samples. These lettuce samples, irrigated with either drain, stream, well and 
piped water, were collected (from farm, see detail description at chapter 7.3). From 
each positive tube, a loop full of culture was inoculated on nutrient agar (OXOID, 
Basigstoke, Hampshire, England) slants and incubated at 37 oC for 24 to 48 hours. 
The cultures on the nutrient agar slants were stored at 4 oC. Cultures from the stored 
agar slants were transferred onto fresh nutrient agar slants once every 2 months to 
ensure the survival of the coliform until further analysis were carried out. 
Small amounts of culture from stored nutrient agar slants were suspended in 
nutrient broth and incubated at 35-37 oC for 24 hours to reactivate the 
microorganisms. From these, the following primary isolation media: Eosine 
Methylene Blue Agar (EMBA), MacConkey agar, Endo agar and Salmonella/Shigella 
(SS) agar were inoculated by streaking with a metal loop. These were incubated at 35 
– 37 oC and examined for E. coli, Shigella, Salmonella, Citrobacter, Enterobacter, 
Klebsiella and other gram negative enterobacteriaceae. EMBA and MacConkey agar 
are selective isolation and differentiation medium for the detection of 
Enterobacteriaceae. They enable lactose- and/or sucrose-fermenting microorganisms 
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to be differentiated from non-fermenting microorganisms. SS agar is a selective 
isolation and differentiation medium recommended for the detection of Salmonella 
and Shigella species.  
Bacterial colonies differing among other factors, in size, shape and colour, 
lactose fermentation were randomly selected from different plates and stored 
separately on nutrient agar for further analysis. Isolates were purified by selecting five 
distinct colonies and streaking on the selective media at least three times and purity 
confirmed by Gram staining. Purified colonies were again stored on nutrient agar for 
biochemical differentiation. 
 
3.10.1 Gram staining of bacteria cultures 
The organisms growing on the slant agar were Gram stained to ascertain their 
Gram reaction.  A film of each culture under study was made on a clean glass slide.  
This was fixed with gentle heat of a Bunsen burner flame.  The smear was flooded for 
one minute with crystal violet stain.  The crystal violet stain was washed thoroughly 
in a gentle jet of water (tap water).  After that, the smear was flooded for one minute 
with Gram iodine solution.  This was also washed under running tap water and the 
excess water blotted.  Stained films were decolorized by adding drops of 95% acetone 
over the slide until streaks of colour stopped coming from the smear. The slide was 
then washed immediately in water and the excess water drained off from the slide.  
This was followed by the addition of safranin, to counterstain, for about 10-30 
seconds. This was again washed under slow running tap water, blotted with filter 
paper, dried and examined by microscope using the oil immersion objective. 
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3.10.2 Cluster analysis of isolated colonies 
The relatedness of the isolates was determined through hierarchical cluster, 
agglomerative method (SPSS for windows, version 10, Chicago, USA) and presented 
in dendrograms. The colony characteristics such as shape, colour, size, lactose 
fermentation were used for the clustering of isolates. From the identified clusters in 
the dendrogram, samples were randomly selected for biochemical analysis using API 
20E system (BioMerieux sa 69280 Marcy-l’Etiole/France or bioMerieux, Inc., 
Hazelwood, MO). For representative analysis of the isolated coliforms, at least 30 to 
50% of isolates were randomly selected from large clusters (consisting at least 7 
members or more) while 60 to 100% were selected from smaller clusters. 
3.10.3 Biochemical differentiation of isolated bacteria 
Biochemical differentiation of faecal coliform isolates was determined using 
API 20 E identification system. The API 20E system (BioMerieux sa 69280 Marcy-
l’Etiole/France or bioMerieux, Inc., Hazelwood, MO) is a standardized miniature 
version of conventional procedures for the identification of Enterobacteriaceae and 
other Gram-negative bacilli. It is a ready-to-use, microtube system designed for the 
performance of 23 standard biochemical tests from isolated colonies of bacteria on 
plating medium. This was used to characterise faecal coliform isolates. The 
procedures recommended by the manufacturers were followed and the results 
interpreted by using the API Analytical Profile Index.  
Preparation of strip 
For each isolate, an incubation box (tray and lid) was prepared and about 5 ml 
of distilled water was distributed into the honey-combed wells of the tray to create a 
humid atmosphere. The reference of the isolate was recorded on the elongated flap of 
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the tray. An API strip was removed from its packaging and placed in the incubation 
box. 
Preparation of the innoculum 
Using a sterile cotton swab, a single well isolated colony was removed from 
an isolation plate and carefully emulsified in about 5 ml of sterile distilled water to 
achieve a homogenous bacterial suspension. For all isolates, young cultures (18-24 
hours old) were used.  
Inoculation of the strip 
Using the same pipette, both the tube and the cupule of the tests citrate (CIT), 
voges proskauer (VP) and gelatinase (GEL) were filled with bacterial suspension. For 
the other tests only the tubes (and not the cupule) were filled. Anaerobic conditions 
were created in the tests arginine dihydrolase (ADH), lysine decarboxylase (LDC), 
ornithine decarboxylase (ODC), hydrogen sulphide production (H2S) and urease 
(URE) by overlaying the bacterial suspension with mineral oil. The incubation box 
was then closed and incubated at 37oC for 18 – 48 hours. 
Reading and interpretation of API 20E system 
After the incubation period, the strip was read by referring to the reading table 
and all spontaneous reactions (+ or -) recorded on the result sheet (Plate 3.1). Those 
reactions which require additional reagents were performed as follows: 
Tryptophane deaminase (TDA) test: A drop of TDA reagent was added to the 
suspension in both the tube and the cupule. Indole production (IND) test: a drop of 
JAMES reagent was added to the tube. VP test: A drop each of VP 1 and VP 2 
reagents were added to the tube and left for 10 minutes. A reddish brown colour, 
indicated positive reaction for TDA; a pink colour developing in the whole cupule for 
IND; and a pink colour for VP. 
 78
Interpretation and identification 
Identification of the isolates was determined by the numerical profile using the 
analytical profile index. On the result sheet (see example on plate 3.1), the tests are 
separated into groups of 3 and a value 1, 2 or 4 is indicated for each. By adding 
together the values corresponding to positive reactions within each group, a seven 
digit profile number was obtained for the 20 tests of the API 20 E strip (Plate 3.1). 
The oxidase reaction constitutes the 21st test and has a value of 4 if it is positive. 
 
Plate 3.1 Results sheet of the API 20E identification system for the identification 
of E. coli 
 
In cases where the 7 digit profile was not discriminatory enough (i.e. when the 
7 digit profile does not correspond to a specific organism in the analytical profile 
index) for the identification of a particular isolate, the following supplementary test 
was performed: 
Oxidase test: This was performed as a supplemental conventional biochemical 
tests using the filter paper method (HPA, 2004):  A piece of filter paper was soaked in 
freshly prepared oxidase reagent (1% N’-tetramethyl-p-phenylenediamine 
dihydrochloride in distilled water). Fresh and discrete bacterial colonies growing on 
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solid medium were then scraped with a sterile disposable loop and rubbed onto the 
filter paper. The filter paper was examined after 10 seconds for blue colour which 
signifies positive oxidase reaction.  
 
3.10.4 Isolation of E. coli 0157:H7 
Identified E. coli isolates were streaked on Chromocult colioform agar ( 
MERCK KGaA, Darmstadt, Germany) and then on Sorbotol MacConkey (SMAC) 
agar (OXOID, Basingstoke, Hampshire, England) for E. coli 0157:H7 identification. 
SMAC is a selective agar for the direct isolation and differentiation of E. coli 
0157:H7. 
(http://service.merck.de/microbiology/tedisdata/prods/4968-1_00850_0100_0500.html) 
 
3.11 Efficacy trials for common washing methods used in pathogen 
decontamination of lettuce 
These trials were based on the results of the stakeholder interviews on 
common washing methods used for washing vegetables. Laboratory analyses were 
conducted to determine the efficacy of these common practices on faecal coliform and 
helminth egg decontamination. The efficacies of these methods were measured in 
terms of helminth egg populations and log reductions in faecal coliform. The effect of 
selected factors (e.g. temperature, pH, sanitizer concentration, and contact time) on 
the efficacy of the methods was also determined.  
Sampling lettuce for decontamination trials 
Lettuce samples from wastewater-irrigated farms in Accra were randomly 
collected into sterile polythene bags and transported on ice to the laboratory for 
analysis. These samples were pooled and homogenized. Vegetable samples used for 
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each of the microbial decontamination trials were derived from the same pool of 
lettuce. 
Sample preparation for microbiological analysis 
Samples for the common decontamination methods were prepared as follows: 
Washing in a bowl of water, washing under running cold tap water,  in salt (NaCl)  
solution at the concentration 7 ppm, 23 ppm and 35 ppm; in vinegar solution of 6818 
ppm, salt/vinegar solution at 7 ppm/6818 ppm, and potassium permanganate solution 
at 100 ppm.  
Before these treatments were imposed, faecal coliform and helminth egg 
populations on the vegetable samples were determined as described earlier at chapter 
3. Fifty grams of lettuce leaves were asceptically weighed into 1 liter of each washing 
media and washed immediately (i.e. washing started as soon as lettuces were put in 
the washing medium) and for a contact time of two minutes in the washing medium 
before washing began. Washing in both cases lasted for about two minutes. The 
treated (washed) vegetables were rinsed with sterile tap water before the 
microbiological analysis.  
3.11.1 The effect of temperature, pH, sanitizer concentration, and contact time 
on the efficacy of common washing methods used 
Temperature   
The effect of temperature on the sanitizing efficiency of common methods was 
tested by using low concentrations of various sanitizers at varying temperatures.  
Clean tap water, solutions of salt (7 ppm), Vinegar (6818 ppm and 11904 ppm), and 
potassium permanganate (100 ppm) were each prepared in a bowl and 50 g of lettuce 
was submerged in each of the washing media at temperature of 25º, 30º and 40ºC for 
two minutes, washed for another two minutes, and then rinsed in cold water.  All 
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washed lettuce were analysed for faecal coliform populations after rinsing in a bowl 
of clean water for about 10 seconds. Analysis of washed vegetables and temperature 
treatment combinations (25oC, 30oC and 40oC) for each washing method were 
repeated nine times. 
3.11.2 The effect of concentration, contact time and type of vegetable on the 
efficacy of vinegar  
Vinegar concentration 
Different concentrations of vinegar;  ranging between 12500 and 33300 ppm 
were prepared by diluting varying amounts of vinegar (5%) with clean tap water. 
Concentrations below 12500 ppm which produced up to 1 log reduction or less during 
initial trials were not included. The pH of each vinegar solution prepared was also 
measured after which 50 g of lettuce was submerged in 1 litre of each of the solutions 
for two minutes and washed for additional two minutes. The washed lettuce was then 
rinsed with cold tap water before analysis. The cut off point of vinegar concentration 
at which maximum faecal coliform reduction occurred was determined and used in 
subsequent trials. 
Contact time 
50 g samples of lettuce were held for different contact times between dipping 
and 10 min of washing in a vinegar solution with a concentration of 21400 ppm (cut 
off point for highest faecal coliform reduction), rinsed in cold tap water and analysed 
for faecal coliforms counts. The efficacy of vinegar solution at a lower concentration 
of 12500 ppm on faecal coliform contamination of lettuce with increased contact 
times of 5 and 10 minutes was also tested. Each test was replicated 10 times. 
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Type of vegetable 
The efficacy of vinegar was also tested on cabbage and spring onions at 
contact times of 5 and 10 minutes using vinegar concentrations of 12500 and 21400 
ppm.  
Decline of sanitizer efficacy over successive washing 
The maximum quantity of lettuce to be washed in one vinegar solution 
prepared was determined by washing 50 g of lettuce leaves in twelve successions 
using 1 litre at a concentration of 21400 ppm. The pH of the solution was determined 
before and after every 50 g of lettuce washed. The washed lettuces were rinsed in cold 
tap water and analysed for faecal coliform populations.  
 
3.11.3 Using detergent (OMO©) 
Lettuce leaves were held in a detergent (OMO©, Nestle, Ghana) solution of 
concentration 200 ppm for five and 10 minutes before washing and rinsing in clean 
water. The leaves were then analysed for faecal coliform counts. 
3.11.4 Eau de javel, potassium permanganate, and chlorine tablets 
Lettuce leaves were washed in 100 ppm of ‘eau de javel’ (bleach) (SIPRO-
CHIM, La Cote D’IVOIRE©), 200 ppm of potassium permanganate 
(PHARMAQUIC S. A. 06 Cotonou, Benin, USP 24©) and 100 ppm chlorine (tablets) 
containing sodium dichloroisocyanurate (NaDCC) and sold in Ghana for salad 
decontamination (Foodsaf© - Hydrachem Ltd. Sussex, England). For potassium 
permanganate and chlorine tablets, manufacturer’s instructions were followed during 
the solution preparations. Fifty grams of lettuce was held in each solution for 5 and 10 
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minutes, washed for about two minutes, and rinsed with tap water before analyzing 
for faecal coliform population. 
Raw and washed vegetables were analysed for faecal coliform and helminth eggs as 
described earlier. 
3.12 Data handling and analysis 
The results were analysed using SPSS for Windows 10 (SPSS Inc., Chicago. 
IL, USA) and GENSTAT version 13. All data were double-keyed and cross tabulated 
to ensure the accuracy of the entries made. The Chi-square (χ2) test was used to 
determine which of the selected demographic factors were associated with stakeholder 
perception on selected agronomic methods, inputs used, and potential health risks. 
Pearson’s chi-square (χ2) tests (non-parametric) were also used to compare categorical 
variables.  
Total and faecal coliform populations (MPN) were normalised by log 
transformation before analysis of variance (ANOVA). The t-test (both one sample and 
two independent samples) was used to test significance of difference between mean 
faecal coliform levels on different vegetables and in irrigation water from different 
urban sources and the recommended standards. ANOVA was used to compare faecal 
coliform levels on different crops.  
Pearson’s correlation and linear regressional analysis were also used to 
establish the relationship between selected variables. Exponential smoothening was 
used to filter out “noise” from the faecal coliform sequence plots. Residual plots were 
analysed to ensure that residuals were randomly distributed and that fitted values were 
adequate. Unless otherwise stated, results of analysis are quoted at p < 0.05 level of 
significance. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.1 Agronomic practices, and sellers’ and consumers’ perception on inputs used 
and associated health risks of urban vegetable production in Ghana.  
 
4.1.1 Results  
4.1.1.1 Demographic characteristics of respondents 
In general, the stakeholder analysis showed that different categories of people 
were directly involved in urban and peri-urban irrigated vegetable production in the 
three cities (Table 4.1.1). Majority of the farmers were between 20 and 40 years of 
age and represented 55%, of farmers in Accra, 65% in Kumasi and 78% in Tamale 
(Table 4.1.1). Thirty nine percent (39%) of the respondents in Accra were 40 years or 
older while vegetable farming in Tamale were patronized by people of ages lower 
than 40 years. 
Table 4.1.1 Demographic characteristics of respondents (urban vegetable 
producers) from Accra, Kumasi, and Tamale  
Parameter 
Frequency
Accra (N=138) Kumasi (N=100) Tamale (N=76)  
Age (years) 
<20 
20-30 
31-40 
>40 
 
 6 (4)1 
49 (36) 
27 (20) 
55 (40) 
 
6 (6) 
39 (38) 
27 (28) 
27 (28) 
 
1 (1) 
19 (25) 
41 (54) 
15 (20) 
 
Sex 
Male 
Female 
 
 
134 (97) 
  4 (3) 
 
 
88 (92) 
8 (8) 
 
 
70 (92) 
6 (8) 
 
Literacy status 
Illiterate2 
Primary 
Secondary 
Tertiary 
 
56 (41) 
47 (34) 
29 (21) 
6 (4) 
 
28 (28) 
58 (58) 
13 (13) 
1 (1) 
 
60 (79) 
13 (17) 
2 (3) 
0 
 
Religion 
Christian 
Moslem 
Others 
 
 
41 (30) 
93 (67) 
4 (3) 
 
 
63 (66) 
30 (31) 
3 (3) 
 
 
10 (13) 
65 (86) 
1 (1) 
 
 
 
 
1Figures in parentheses are percentages 
2 Have not had any formal education 
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Irrigated vegetable production in the three cities is male dominated with more 
than 90% male as against few female (less than 10%) farmers. Illiterates and farmers 
with basic (primary) education represented 75% of farmers in Accra, 76% in Kumasi, 
and 96% in Tamale. Majority (66%) of the farmers in Kumasi were Christians and 
30% were Moslems. However, Moslems represented 67% of farmers in Tamale and 
85% in Accra. 
Seventy percent of the farmers in Accra have been in vegetable cultivation 
business for more than 10 years while Kumasi and Tamale registered 13% and 53%, 
respectively. Urban vegetable cultivation seems to be relatively new in Kumasi where 
87% of respondents have been in this type of farming for periods ranging between 1 
to 10 years (Table 4.1.2). 
Table 4.1.2: Years used by respondents for irrigated vegetable production 
Year(s) 
Percentage of respondents
Accra (n=138) Kumasi (n=100) Tamale (76)
1 – 10 30 87 47 
11 – 20 47 8 26 
> 20 23 5 27 
 
The general characteristics of sellers of wastewater-irrigated vegetables were 
very similar to the farmers in terms of age and literacy status but unlike the farmers, 
nearly all of them were females (Table 4.1.3).  
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Table 4.1.3 Characteristics of urban vegetable sellers 
 
Parameter 
Percentage of respondents 
Accra (n=103) Kumasi (n=117) Tamale (n=72)  
Age (years) 
<20 
20-30 
31-40 
>40 
 
2 
50 
27 
21 
 
15 
49 
27 
9 
 
8 
39 
39 
14 
 
 
 
 
 
Sex 
Male 
Female 
 
 
1 
99 
 
 
0 
100 
 
 
1 
99 
 
 
 
Literacy status 
Illiterate1 
Primary 
Secondary 
Tertiary 
 
18 
75 
7 
0 
 
26 
64 
1 
1 
 
88 
9 
4 
0 
 
 
 
 
Religion 
Christian 
Moslem 
Others 
 
 
78 
18 
1 
 
 
80 
18 
1 
 
 
7 
93 
0 
 
 
 
 
1Have not had any formal education 
 
4.1.1.2 Respondents’ reasons for using wastewater 
Vegetable production using wastewater provides employment for farmers and 
sellers of such crops. Sixty eight percent of the respondents in Accra, 67% in Kumasi, 
and 45% in Tamale said vegetable production is the main source of income (Fig. 
4.1.1). Only a few (less than 2% in Kumasi and Accra and about 10% in Tamale) 
farmers indicated that part of the vegetable produced is for home consumption. 
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Fig 4.1.1 Major reasons for engaging in irrigated vegetable production (n=138, 
100 and 76, for Accra, Kumasi and Tamale, respectively) 
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Nutrient availability 
Sixteen percent of wastewater irrigators in Accra, 23% in Kumasi, and 10% in 
Tamale were aware of the nutrient contribution of wastewater used in vegetable 
production even though they did not take this into consideration when applying 
manure or fertilizer. 
Wastewater as a reliable water source 
More than 95% of wastewater irrigators in Accra, Kumasi, and Tamale 
mentioned wastewater as a reliable irrigation water source for vegetable production. 
Some farmers in Tamale indicated that even in the driest months of the year when 
most streams and wells had dried up, wastewater could still be obtained for vegetable 
production. 
4.1.1.3 Prevailing agronomic practices 
Types of crops cultivated by irrigated vegetable farmers 
At all the sites in the three cities, both exotic and indigenous leafy vegetables 
were commonly grown (Table 4.1.4). Among the exotic ones were lettuce (Lactuca 
sativa), cabbage (Brassica oleraria), spring onions (Allium cepa), cauliflower 
(Brassica oleracea), green pepper (Capsicum annuum), carrots (Daucus carota) and 
radish (Raphanus sativus), while indigenous vegetables included okro (Hibiscus 
esculentus), “ayoyo” (Corcorus olitorius) and “allefu” (Amaranthus cruentus).  
However, the frequently cultivated ones were lettuce, spring onions, cabbage, and 
green pepper.  
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Table 4.1.4. Major crops grown by urban irrigated vegetable producers in 
Accra, Kumasi and Tamale 
City N Main Crop grown 
Percentage of farmers cultivating crop
 Rainy season Dry season 
 
Accra 
 Lettuce 70.0 85.0 
 Cabbage 48.7 47.4 
138 Spring onion 57.7 84.4 
 Cauliflower 11.5 27.0 
 Green pepper 43.8 50.5 
  Okro 16.3 7.1 
 
Kumasi 
 Lettuce 85.0 92.5 
 Cabbage 40.0 50.0 
100 Spring onion 61.0 70.0 
 Cauliflower 2.0 NC 
 Green pepper 5.0 NC 
  Okro NC NC 
 
Tamale 
 Lettuce 56.5 48.6 
 Cabbage 63.0 59.2 
76 Spring onion 32.8 35.5 
 Cauliflower NC 7.9 
 Green pepper NC 25.0 
  Okro 14.4 14.5 
NC = not cultivated 
 
In Accra and Kumasi, majority of farmers produced lettuce and spring onions. 
For example in Accra, 70% of the farmers cultivated lettuce in the rainy and 85% in 
the dry seasons, while 58% cultivated spring onion in the rainy and 84% in the dry 
seasons. In Kumasi, 85% cultivated lettuce and 93% spring onion in the rainy and dry 
seasons. In Tamale, 57% of the farmers cultivated lettuce and 63% cabbage in the 
rainy season compared to 48% lettuce and 59% cabbage in the dry season.  
Annual cultivation cycle 
In all the three cities majority of the respondents were involved in irrigated 
vegetable production all year round. Eighty percent of the farmers in Accra, 95% in 
Kumasi and 53% in Tamale cultivated vegetables all year round while about 17% in 
Accra, 3% in Kumasi, and 9% in Tamale cultivated only in the dry season.  
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Irrigation practices  
Source of irrigation water 
Vegetable farmers in Accra, Kumasi and Tamale use water from different 
sources for irrigation (Fig 4.1.2). Respondents within and around Accra Metropolis 
and Tamale depended mainly on water from drains (54% and 47% in Accra and 
Tamale, respectively) for irrigation. Respondents from Kumasi relied more on water 
from shallow wells (32%) and streams (68%).    
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Fig 4.1.2 Source of irrigation water vegetable producers in Accra, Kumasi and 
Tamale (n=138, 100 and 76, for Accra, Kumasi and Tamale, respectively) 
 
Irrigation methods used 
The use of watering can was predominant in all the three cities. More than 
ninety five percent of the farmers interviewed in Kumasi, Accra and Tamale used 
watering cans. Five percent of respondents in Accra and 2% in Kumasi used water 
hose connected to an outside standpipe from which water is drawn for irrigation. 
None of farmers in Accra used sprinkler or furrow irrigation for the production of 
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vegetables but two farmers in Kumasi used sprinklers. These irrigation methods 
applied by the farmers were independent of crops grown and water sources. 
Quantity of water applied 
Table 4.1.5 shows the amount of water for irrigation in both rainy and dry 
seasons for the three most widely grown vegetable in the study areas. These were 
calculated based on the amount of water applied per crop/season and the number of 
times water is applied within a period of one week.  
The results generally indicated that the amount of water used for irrigation is 
independent of the crop type though cabbage seems to receive a little more water than 
lettuce and spring onion in Accra. Particularly in Kumasi, slightly more water is used 
in the rainy season (784 m3/ha/month) than in the dry season (728 m3/ha/month for 
lettuce and spring onion). In both rainy and dry seasons, the amount of water used in 
Tamale was observed to be significantly lower (p > 0.05) than Kumasi and Accra. 
Table 4.1.5 Quantity of water applied by irrigated vegetable farmers in Accra, 
Kumasi and Tamale  
 Quantity of water applied (m3/ha) per month 
Accra (n=138) Kumasi (n=100) Tamale (n=76) 
Rainy season Dry 
season 
Rainy 
season 
Dry 
season 
Rainy 
season 
Dry 
season 
Lettuce 816 2940 728 2712 424 1080 
Cabbage 900 3164 784 2712 424 1080 
Spring 
onion 
816 2940 784 2712 424 1080 
1 watering can =15l = 0.015m3,  
Average bed size of 20m2 (0.002ha) 
Crop irrigation on the day of harvesting 
In all the three cities, there were some farmers who irrigated their crops on the 
day of harvesting (Fig 4.1.3). Significantly higher (χ2 = 7.712 and P = 0.041) 
proportion (60%) of respondents in Kumasi irrigated their crops on the day of 
harvesting for sale. The practice was less common among (35%) (χ2 = 6.211 and P = 
0.013) farmers in Tamale compared to those who did not (65%). Even though 52% of 
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the respondents in Accra irrigated on the day of harvesting, the difference between 
those who did and those who did not irrigate (48%) was not significant (χ2 = 0.073 
and P = 0.787).  
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Fig 4.1.3 Crop irrigation on the day of harvesting (n=138, 100 and 76, for Accra, 
Kumasi and Tamale, respectively) 
 
 
The number of days between last day of irrigation and day of harvest (sale) 
ranged from 1 to 2 days across the three cities (1.05 ± 0.23 in Tamale; 2.13 ± 1.67 in 
Accra, and 1.05 ± 0.21 in Kumasi). 
Manure and pesticide application 
Manure application 
The main types of crop nutrient sources used by urban vegetable growers were 
poultry manure (PM), NPK (inorganic fertilizer), and cow dung (CD). In Kumasi 80 
to 98% of the farmers used poultry manure for lettuce, cabbage and spring onion, 
compared to the 2 to 3% who used NPK (Table 4.6). The percentage of farmers using 
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poultry manure was slightly lower in Accra (73%) than Kumasi (98%); only a few 
farmers used poultry manure in Tamale.  
 
Table 4.1.6 Nutrient sources for vegetable production in Accra, Kumasi and 
Tamale  
 
City 
 
N 
 
Manure 
Percentage of respondents who used manure 
Lettuce Cabbage Spring onion 
Accra 
 
138 
NPK 37 28 44 
PM 73 57 69 
CD 24 15 25 
Kumasi 
 
100 
NPK 3 2 2 
PM 98 80 95 
CD 0 0 0 
Tamale 
 
76 
NPK 9 9 0 
PM 10 12 3 
CD 3 0 0 
PM=poultry manure: CD=cow dung; and NPK=Nitrogen, Phosphorus and Potassium (industrial 
fertilizer) 
(Sums larger than 100% due to multiple application) 
 
 
No respondent from Kumasi used cow dung for vegetable production and only 
3% of farmers in Tamale used cow dung for lettuce production. However, in Accra a 
sizable number of farmers used cow dung for lettuce (24%), cabbage (15%) and 
spring onions (25%). 
Pesticides application 
Ninety five percent, of the irrigated vegetable farmers in Accra, 95% in 
Kumasi and 62% in Tamale used some kind of pesticide. Most of the insecticides 
used are under WHO Hazard Category II, which WHO classifies as moderately 
hazardous. This category includes organochlorines (OCs), organophosphates (OPs) 
and pyrethroids. Most of the herbicides and fungicides used are under Hazard 
Category III.  
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Table 4.1.7 Pesticides mentioned/used by farmers in irrigated vegetable 
production  
    
 
 
Chemical  
Al Hazard 
Category 
(WHO) 
Percentage of respondents using 
pesticide  
  
 Brand Name Active ingredient  
Accra 
(N=138) 
Kumasi 
(N=100) 
Tamale 
(N=76) 
 Insecticides          
 Dursban Chlorpyrifos II 14.0 NM NM 
 Karate Lamda cyhalothrin II 58.0 38.2 57.6 
 DDT 
Dichloro-Diphenyl-
Trichloro-Ethane I 5.0 4.2 3.7 
 Polythrine c 336 EC Cypermethrine II 24.0 0.7 NM 
 Biobit 
Bacillus Thuringiensis 
kurstaki III 20.0 NM NM 
 Neem (Azadirachta 
indica) 
Neem seed-oil  
extract III 6.0 NM 37.7 
 Perfekthion Dimethoate II 7.0 NM NM 
 Gramozone Paraquat II 0.7 NM NM 
 Actellic Pirimiphosmethyl II 1.4  NM 
 Cymethoate Cypermethrin II 1.4 NM NM 
 Cypercal Cypermethrin II 0.7 NM NM 
 Thiodan endosulfan II NM 0.7 NM 
 Dipel Bacillus Thuringiensis  NM 3.5 NM 
 Fungicides      
 Diathane Mancozeb III 8.0 31.3 NM 
 Topsin Thiophanate-methyl III NM 2.7 NM 
 Kocide Copper-hydroxide III 10.0 6.9 NM 
 Trimagol Maneb III 1.4 NM NM 
 Nematicides      
 Furadan Carbofuran III 1.4 NM NM 
 Herbicides     2.0 
 Round up Glyphosate III 3.0 NM  
 Stomp Pendimethalin  III 0.7 NM NM 
NM = Not mentioned 
 
Protection during pesticide application 
 In all the three cities, farmers hardly used any protective clothing when 
applying pesticides. Significantly (P < 0.05) higher percentage (73%) of respondents 
in Kumasi and 71% in Accra do not wear anything to protect themselves against the 
potential hazards of the pesticides applied. 
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4.1.1.4 Source of vegetables for sellers in Accra, Kumasi, and Tamale 
In Accra, majority (86%) of the sellers interviewed bought the vegetables from 
wholesalers at a selling point in the market. Others purchased the vegetables at the 
farm gate and retailed them at the market or at other selling points in the city. In 
Kumasi, 28% of the respondents bought at the farm gate, 26% from a selling point in 
the market and 46% from wholesalers who distributed to them after buying from the 
farm gate. Nearly 65% of the respondents from Tamale obtained their vegetables from 
wholesalers, 30% from farm gate and 5% from selling points in the market. Majority 
(82%) of sellers in Kumasi obtaine their vegetables from urban sources (Fig. 4.1.4) 
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Fig 4.1.4 Source of vegetables for sellers in Accra, Kumasi and Tamale (n=103, 
117 and 72 for Accra, Kumasi, and Tamale, respectively) 
 
Ninety seven percent of the sellers in Kumasi who bought the vegetables at the 
farm gate washed them on farm, using the same irrigation water, before sending them 
to the market. In Accra and Tamale, however, between 80 and 90% of sellers did not 
wash vegetable at the farm gate (as the water source is mostly drain water). More than 
96% of the sellers from Accra, Kumasi and Tamale stated that they washed the 
vegetable after buying from a depot in the market even though they know that this can 
reduce the shelf life of some of the vegetables, especially lettuce and spring onions.  
 95
Treatment of vegetables by food vendors and consumers before consumption 
The survey revealed that the main methods used were washing the vegetable 
in a bowl of water, running tap water, salt solution, vinegar and water/salt/vinegar 
solutions. In all the cities, washing with water and salt was widely used (for example 
61% of vendors and consumers in Kumasi, 55% in Tamale, and 40% in Accra used 
salt solution (Table 4.1.8). Holding/contact times in the washing media varied (2-3 
sec. to 2 mins) considerably among respondents.  
Table 4.1.8 Vegetable washing methods practised in Accra, Kumasi and Tamale  
 
Vegetable washing method 
Accra 
(N=235) 
Kumasi 
(N=117) 
Tamale 
(N=100) 
Percentage of respondents  
Tap water1 (without sanitizer) 28 18 9 
Salt solution 40 61 55 
Running tap 0 0 34 
Vinegar solution 30 21 2 
Potassium permanganate solution 2 0 0 
1 in a bowl 
 
 
4.1.1.5 Sellers’ and consumer’s perception and awareness of risks related to the 
use of wastewater and other inputs in vegetable production  
 
Produce sellers’ perception 
 
A very small proportion (6%) of the respondents in Accra affirmed that the 
use of wastewater has no health impact on them while 64% stated that wastewater 
irrigation puts the health of the consuming public at risk but not sellers.  There was no 
relationship (χ2 = 2.147, df = 2, P = 0.244) between sellers litracy status and the 
responses given. Similar results were recorded in Kumasi and Tamale. 
In an answer to the question “to which of the following (insecticides, 
wastewater and poultry manure) would you attribute the highest health risk?” 36% of 
the respondents from Accra, 18% from Kumasi, and 8% from Tamale cited 
wastewater (Table 4.1.9). None of the respondents from the three cities attributed any 
health risk to the use of poultry manure. As observed in Kumasi and Tamale, there 
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was no association (χ2 = 4.764, DF = 4, P = 0.114) between literacy status of sellers in 
Accra and the possible health risk attributable to selected agricultural inputs. 
Table  4.1.9  Respondents opinion about input which poses the highest health 
risk 
 Percentage of respondents 
 Accra  
(N=103) 
 Kumasi 
(N=117)
 Tamale 
(N=72)
No idea  35.0  69.2  45.8 
Insecticide  18.4  6.0  45.8 
Bad water  35.9  17.9  8.3 
P. manure  0  0  0 
Insecticide/polluted water  10.7  6.8  0 
 
Forty six percent of sellers in Tamale thought that chemical insecticides pose the 
highest risk. In most cases, however, sellers had no idea as to which of the inputs 
poses the highest risk. 
Consumers’ perception and awareness of sources of risk 
In all the three cities, majority (>90%) of the consumers obtain their 
vegetables from the markets with a few buying from individual street seller/hawkers; 
most individuals who bought from hawkers would not ask for the source of the 
vegetable before buying. As high as 87% of consumers in Kumasi and 61% in Accra 
never asked for the source of the vegetable but smaller proportion (35%) of 
consumers in Tamale were in this category. Fig 4.1.5 shows which agricultural input 
(insecticide, poultry manure, and wastewater) poses the highest risk in the opinion of 
consumers. Consumers in Kumasi and Tamale attributed higher health risks to 
chemical insecticides than the other two inputs. Wastewater use was considered the 
most risky in Accra. Respondents in Tamale (22%) and Accra (25%) stated that 
wastewater poses more health risks to consumers than in Kumasi where only 4% had 
this perception. 
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Fig 4.1.5 Consumers’ opinion about use of insecticide, poultry manure, 
wastewater and associated risk (PM, poultry manure; INS, insecticide; WW, 
wastewater; PM/WW, poultry manure and wastewater; INS/WW, insecticide and 
wastewater; PM/INS/WW, poultry manure, insecticide and wastewater) 
(n=235, 117 and 100, for Accra, Kumasi and Tamale, respectively) 
 
4.1.2 Discussion 
The results indicated that farmers from different age groups are involved in 
urban and peri-urban irrigated vegetable production. This accords with the 
observation of various researchers (Freeman, 1991; Lee-Smith and Memon, 1994; 
Mougeot, 1994; Sawio, 1994) on the stakeholders involved in this practice. The 
results show that comparatively younger people are involved in irrigated vegetable 
production in Kumasi and Tamale than in Accra. The economic activities in Accra is 
more vigorous than in Kumasi and Tamale and therefore it is possible that the 
younger people in Accra, compared to the other two cities, have more options in 
securing jobs other than vegetable production. 
Irrigated vegetable production in the three cities is male dominated with more 
than 90% males as against few female farmers. This is consistent with other reports in 
Ghana and other West African countries (Ratta 1993; Zakaria et al., 1998; Obosu-
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Mensah, 1999; Asomani – Boateng, 2002; Danso, 2002). However, this assertion is 
contrary to studies conducted in some East African countries where women dominate 
urban agriculture leading to the notion that urban farmers in sub-Saharan Africa are 
mostly females. For example, studies in some towns in Kenya showed that up to 63% 
of cultivators were women (Lee-Smith et al., 1987; Freeman, 1991; Maxwell and 
Zziwa, 1992). Further studies in East Africa indicated that women form the majority 
of urban cultivators (Sawio, 1994; Mvena et al., 1991; Rakodi, 1988). The 
contradiction might be the result of different traditions but also of a mix up of open 
space and backyard farming in studies on urban agriculture. 
Irrigated open space vegetable production, as practised in Ghana and other 
West African countries (making mounds, planting and irrigation, especially with 
watering cans) requires a high level of energy input by the farmer making it more of a 
males’ job than female. For example, farmers fetch and carry two 15 kg watering cans 
for considerable distances during irrigation. Secondly, women are not able to compete 
favourably for land in the cities. In Tamale for example, the men own the land and the 
women either assist their husbands on the farm or have access to land (for vegetable 
production) only in the dry season when farming activities are generally lower 
(Yakubu, personal communication). In addition, Ghanaian women have tremendous 
skills in distribution and marketing or retailing and would rather not be involved in 
vegetable production.  
The study showed that, in general, people of all literacy levels are involved in 
irrigated urban and peri urban vegetable production and thus confirming other reports 
that people of all educational backgrounds are involved in urban and peri-urban 
agriculture (Obosu-Mensah, 1999). This practice is however dominated by illiterates 
and people with very low level of education.  
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The results also suggested that irrigated vegetable production (especially the 
exotic vegetables) in Kumasi is relatively new compared to Accra and Tamale. Even 
though most people, according to the results, have been in irrigated vegetable 
cultivation longer in Tamale than in Kumasi, it should be emphasized that farmers in 
Tamale have been cultivating mostly indigenous vegetables, which are important 
ingredients in typical northern diets.  
Apart from the indigenous vegetables, which are usually eaten cooked, most 
of the exotic vegetables cultivated are likely to be eaten uncooked (e.g. vegetable 
salad) and could put consumers at risk. The potential health risks associated with 
consumption will in part depend on handling practices and cooking methods used 
especially at the household level. Mainly migrants from the northern part of Ghana 
and other neighboring countries produce the indigenous leafy vegetables for home 
consumption. However, the surplus is usually sold to the consuming public. 
It should be stated, however, that the cultivation of most of these crops in all 
the three cities is site specific. For example, farmers at Marine Drive in Accra are 
noted for lettuce production while those at Dwowulu produce mainly spring onions. 
Farmers at Gyenyase, one of the main irrigated vegetable production sites in Kumasi, 
produce mainly lettuce while those at D’ line, also in Kumasi, specialized in spring 
onion production. The main reason for this observation was that soil characteristics at 
these specific sites were more suitable for the crops grown than those not usually 
cultivated. It should also be noted that this survey is only on wastewater-irrigated 
vegetables.  
In the rainy season some of the farmers in Accra and Tamale take advantage 
of the rains to cultivate other cash crops such as maize. This practice is less frequent 
in Kumasi although the possibility of cultivating cereals is very high due to the long 
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rainy season of about 7 to 8 months. In Accra and Tamale, with even a shorter rainy 
season, many vegetable farmers switch to rain-fed maize or sorghum in other 
locations during the rainy season. The reason could be that most of the farmers in 
Kumasi practice inland valley cultivation where the area becomes flooded in the rainy 
season and therefore making it impossible crops like maize to survive. 
Irrigated vegetable producers fetched water mostly from polluted sources and 
the majority of them used watering cans where water is applied directly on the 
growing vegetables. Significant numbers also irrigated just before harvesting and 
more often farmers over irrigate. This could increase the potential contamination of 
the vegetables and pose health risk to both farmers (who do not protect themselves) 
and consumers. Methods often suggested to address these problems are often difficult 
to implement due to a number of reasons. For example, cessation of irrigation days 
before harvesting can be effective in reducing pathogen contamination (Vaz da Costa 
Vargas et al., 1996). However, this may be difficult to apply especially for crops 
which are often sold fresh (e.g. lettuce) and lose quality when dehydrated. Similarly, 
localized irrigation techniques are very expensive and not affordable to most farmers 
(WHO, 2006). 
Unlike Tamale where poultry manure is scarce, Kumasi and to a lesser extent 
Accra have access to quite a number of poultry farms. For example, Lopez-Real 
(1995) gives a figure of approximately 300 Poultry farms in the vicinity of Kumasi 
with a wide range of flock sizes. The Ministry of Food and Agriculture (MoFA) lists 
at least 60 of them as being commercial (IBSRAM, 1996). It is estimated that “Darko 
farms” alone produces about 3,640 tons of poultry manure per year (KNRMP, 1999).  
Tamale is noted for cattle production and it is therefore surprising that cow 
dung is of little use in vegetable production, especially as extremely few poultry farms 
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could be found in the municipality. Danso (2002) reported the use of cow dung has 
the disadvantage of encouraging the growth of weeds and resulting in the need for 
weedicides or more labour for weeding, leading to low gross margin. 
The widespread use of poultry manure (PM) as well as cow dung for soil 
amelioration in vegetable production could be a cause for concern. Amoah (2000) 
reported that fresh PM samples usually contain high numbers of total and faecal 
coliforms while matured heaped samples have little or no E. coli population. For 
example faecal coliform count of fresh poultry manure samples detected in Kumasi 
ranged between 3.6 x 104 and 1.1 x 107 (Amoah, 2000). The numbers in heaped 
samples reported were however lower (0 - 3.0 x 104). The report also revealed that 
after collection, about 60% of farmers apply the poultry litter without further 
composting while 40% heaped the litter for some weeks or more depending on when 
they need it on their fields. It appeared that poultry litter is frequently applied without 
adequate composting and in addition as about 50% of the farmers broadcast the litter 
over the standing crops (Amoah, 2000). Poultry manure and cow dung constitute a 
potential source of food contamination and hence a potential health risk to consumers 
of such contaminated vegetables. 
The study revealed the widespread use of pesticides in irrigated vegetable 
production in the study areas. In a cross-country study carried out by Nurah (1999), 
all the dry season vegetable farmers interviewed reported spraying their crops with 
fungicides and insecticides. The fact that fewer (62%) farmers in Tamale apply 
pesticides confirms a study by Childs (1999), who reported that the extent to which 
pesticides were applied in the different agro-ecological zones differs significantly in 
Ghana. She noted that, on the average, farmers in the coastal savannah and forest 
zones applied more pesticides than farmers in other areas did. The degree of 
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urbanization could also have influence on pesticide use. In the urban areas, 94% of the 
farmers used pesticides compared to 62% in the peri urban areas (Childs, 1999). 
As indicated in Table 4.8, irrigated vegetable producers in the study areas use 
a wide variety of pesticides. Some of the pesticides are however banned while others 
are only for restricted use but farmers still used both of them for vegetable production. 
For example, DDT is banned but some farmers in Accra, though few (5%) mentioned 
the use of the chemical for vegetable production. As DDT is partly a common word 
for pesticides in Ghana, the mentioning of DDT does not automatically mean that it is 
really applied. On the other hand, there are many reports that DDT is de facto 
available through ‘black market’ imports. 
Majority of the irrigated vegetable sellers in Accra, Kumasi and Tamale 
condemned the use of polluted surface water for growing vegetables. This is 
consistent with an earlier study carried out by Obuobie 2003 (personal 
communication). Some sellers in Accra, though few, pointed out that consumers’ 
knowledge of the use of polluted water for vegetable production drastically reduced 
their sales. Meanwhile, without wastewater, any meaningful vegetable farming in 
Ghanaian cities (e. g. Accra and Tamale) would be restricted to the rainy season and 
lead to drastic reduction in supply of exotic vegetables to the urban markets. In most 
cases sellers had no idea as to which of the inputs (wastewater, poultry manure, and 
insecticides) poses the highest risk. None of the respondents from the three cities 
attributed any health risk to poultry manure. This observation is surprising in view of 
the fact that Ghanaians generally associate diseases with excreta irrespective of the 
source.  
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The fact that all respondents interviewed washed their vegetable before 
consumption is an interesting observation and suggests that the last stage before 
consumption could be one of the best entry points where health risk reduction 
strategies could be put in place. 
Vegetable consumers and food vendors stated that the decision to buy or not 
largely depended on the freshness and not about the origin. They do not usually ask 
about origin of vegetables, as there is no related risk awareness. Secondly, it is 
expected that sellers would wash them before displaying them on the shelves. In any 
case, they also wash them before used in the preparation of meals. In a similar study, 
(Obuobie, 2003, unpuplished) reported that 88 % of respondents in Accra, 96 % in 
Kumasi, and 75% in Tamale indicated that they would not buy vegetables irrigated 
with wastewater. The same study further revealed that majority of consumers 
mentioned that wastewater irrigated vegetables may be contaminated and could cause 
diseases.  
 
4.1.3 Conclusion 
The study has revealed that respondents have the perception that some of the 
agronomic practices (e.g. wastewater and manure application methods etc) employed 
by wastewater irrigators for vegetable production in the study sites (Accra, Kumasi 
and Tamale) could be a source of both biological and chemical contaminants, and 
potentially put farmers, sellers, and consumers at risk. Perceptions of different 
stakeholders could be used as basis for appropriate risk reduction strategies since 
majority of stakeholders indicated their willingness to avert risk. The indigenous risk 
aversion strategies-could serve as entry points for risk reduction and management. In 
view of the qualitative nature of the study there is the need to provide scientific 
quantitative data to complement the qualitative results, pin-point intervention points, 
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and provide the baseline for assessing the effectiveness of interventions and 
monitoring and evaluation. These latter aspects and the requisite quantitative 
scientific data and implications are covered in the following sections. 
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4.2 Pesticide and microbiological quality of irrigated vegetables in Ghanaian 
urban markets 
 
4.2.1 Results 
4.2.1.1 Pesticide residues on lettuce leaves 
Table 4.2.1 shows prevalence of pesticide, residue levels recorded on lettuce 
leaves compared with maximum residue limits (MRL) for consumption. In most cases 
the pesticide residue levels observed exceeded the maximum residue limit. More than 
60% of the lettuce samples had two or more types of pesticide residues. The data 
show that 78% of the samples had chlorpyrifos residue. Only 14% had pesticide 
residue levels below detectable limits. There were no significant differences between 
pesticide residue levels observed on samples from the three cities, except chlorpyrifos 
where significantly higher levels were recorded in Kumasi than Accra. 
Table 4.2.1. Pesticide prevalence, residue levels on lettuce1  
 
 
Pesticide 
% of lettuce 
with pesticide 
residues  
Range of 
pesticide residue 
(mg/kg) on 
lettuce 
Average value 
(mg/kg) 
lettuce 
MRL2 
(mg/kg) lettuce 
Lindane 31 0.03 – 0.9 0.3 0.01 
Endosulfan 36 0.04 – 1.3 0.4 0.05/0.5 
Lambda cyhalothrin 11 0.01 – 1.4 0.5 1.0/0.1 
Chlopyrifos 78 0.4 – 6.0 1.6 0.05/0.5 
DDT 33 0.02 – 0.9 0.4 0.05 
1N = 60 
2 MRL, Maximum Residue Limit (Pesticide Safety Directorate 2004) 
 
4.2.1.2 Faecal coliform levels on vegetables from selected markets in Accra 
Faecal coliform (FC) levels on lettuce from all the five markets in Accra were 
higher than both cabbage and spring onions. The differences between lettuce, cabbage 
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and spring onions were significant in Agbobloshie and Dome markets. Apart from the 
Makola market, where faecal coliform levels in spring onions were higher than 
cabbage, all other markets recorded higher FC counts in cabbage than in spring onion 
(Fig 4.2.1).  
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Fig 4.2.1   Faecal coliform populations on selected vegetables from some markets 
in Accra. (Kan, Kaneshie; Ind, Individual sellers/hawkers; Agb, Agbogbloshie; Mak, 
Makola; Dome) 
 
4.2.1.3 Faecal coliform levels on vegetables from selected markets in Kumasi 
As shown in Fig 4.2.2, vegetables collected from European, Asafo, and 
Central markets in Kumasi always showed higher faecal/total coliform levels than 
those from individual sellers. For the three crops, significant differences were 
observed between samples from individual sellers and those from the other three 
markets (Table 4.2.2) 
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Fig. 4.2.2 Faecal coliform levels on vegetables from selected markets in Kumasi 
(Euro, European; Indi sellers, Individual sellers) 
 
 
Table 4.2.2. Summary of tests of significance of mean differences in faecal 
coliform population on selected vegetables collected from markets in Kumasi 
Crop  Between markets: p-value and 95% Confidence Interval 
Whi Asa Cen Ind 
 
 
 
Lettuce  
Whi1 
 
-    
Asa 
 
0.5322 
(-1.05-0.55)3 
-   
Cen 
 
0.039 
(-1.65—0.05) 
0.137 
(-1.40-0.20) 
-  
Ind 
 
0.001 
(-2.94—1.34) 
0.001 
(-2.69—1.09) 
0.002 
(-2.09—0.49) 
- 
 
 
 
Cabbage 
Whi 
 
-    
Asa 
 
0.146 
(-0.18-1.13) 
-   
Cen 
 
0.074 
(-0.061-1.24) 
0.723 
(-0.54-0.77) 
-  
Ind 
 
0.001 
(-2.09—0.78) 
0.001 
(-2.56—1.26) 
0.001 
(-2.68—1.37) 
- 
 
 
 
Spring onion 
Whi 
 
-    
Asa 
 
0.155 
(-0.14-0.82) 
-   
Cen 
 
0.311 
(-0.24-0.72) 
0.635 
(-0.53-0.33) 
-  
Ind 
 
0.003 
(-1.25—0.29) 
0.001 
(-1.54—0.68) 
0.001 
(-1.44—0.58) 
- 
1Whi, White/“European market”; Asa, Asafo market; Cen, Central market; Ind, Individual sellers 
2 P-value (significant difference between mean bacterial population at P< 0.05) 
3The figures in parenthesis are the confidence interval 
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4.2.1.4 Faecal coliform levels on vegetables from selected markets in Tamale 
Tamale is the smallest among the three cities in terms of population size and 
therefore has fewer markets/selling points. Generally, all the markets/selling points 
recorded high (>106 per 100 g) levels of total and faecal coliform populations in all 
the vegetables. 
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Fig. 4.2.3 Faecal coliform levels on vegetables from selected markets in Tamale 
 
4.2.1.5 Bacterial contamination of vegetables  
Table 4.2.3 shows ranges of total and faecal coliform observed. Most of the 
vegetable samples showed high faecal coliform contamination levels. The highest 
level of faecal coliform contamination was recorded in lettuce at a geometric mean 
count of 1.1 x 107 g-1 wet weight. This may be due to the larger surface area exposed 
to possible sources of contamination. Cabbage and spring onion showed geometric 
mean counts of 3.3 x 106 and 1.1 x 106 g-1 wet weight, respectively.   
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Table 4.2.3 Ranges of total and faecal coliform populations on lettuce, cabbage, 
and spring onions 
 
Vegetable 
MPN g-1 wet weight 
Total coliform Faecal coliform 
Lettuce (n=60) 9.3 x 105 to 1.5 x 1011 4.0 x 103 to 9.3 x 108 
Cabbage (n=60) 2.6 x 105 to 1.5 x 1011 1.4 x 104 to 2.8 x 107 
Spring onion (n=60) 9.3 x 105 to 1.9 x 1010 1.5 x 104 to 4.6 x 108 
 
4.2.1.6 Inter-city comparison of coliform contamination levels 
Figure 4.2.4 shows faecal coliform level on vegetables from Accra, Kumasi, 
and Tamale. All vegetables from all cities were faecally contaminated with mean 
faecal coliform levels exceeding the International Commission on Microbiological 
Specifications for Foods (ICSMF, 1974) recommended level of 103 faecal coliform 
per gram fresh weight.  
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Figure 4.2.4  Faecal coliform levels in lettuce, cabbage, and spring onions sold in 
Accra, Kumasi and Tamale markets. 
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The results revealed that lettuce had significantly higher faecal coliform levels 
than cabbage and spring onions (Table 4.2.4). However, faecal coliform levels on all 
the three crops exceeded common recommended standard of 1000 faecal coliform per 
gram (Table 4.2.5). 
 
Table 4.2.4 Comparison of three vegetables from all three cities (Multiple 
Comparisons, LSD) 
Mean 
Difference 
(I-J) 
 
Std. Error
 
Sig.        95% Confidence Interval 
(I) vegetable (J) vegetable Lower Bound Upper Bound 
lettuce cabbage 0.5218 0.2043 0.012* 0.1185 0.9250 
spring onion 0.9930 0.2096 0.001* 0.5795 1.4066 
cabbage lettuce -0.5218 0.2043 0.012* -0.9250 -0.1185 
spring onion 0.4713 0.2080 0.025* 0.0609 0.8816 
spring onion lettuce -0.9930 0.2096 0.001* -1.4066 -0.5795 
cabbage -.04713 0.2080 0.025* -0.8816 -0.0609 
*The mean difference is significant at P ≤ 0.05. 
N is 60 for each vegetable  
 
Table 4.2.5 Comparison of faecal coliform level on vegetables and the 
recommended standard 
 
Vegetable 
 
T 
 
df 
Sig. 
(2-tailed) 
Mean 
Difference 
 
95% Confidence Interval  
     Lower Upper 
Lettuce 24.392 60 0.001* 4.0395 3.7082 4.3708 
Cabbage 24.694 62 0.001* 3.5177 3.2330 3.8025 
Spring onion 24.174 56 0.001* 3.0465 2.7940 3.2989 
 
 
4.2.1.7 Mean helminth egg population on vegetables 
Helminth egg populations were 1.1 g-1 in lettuce, 0.4 g-1 in cabbage, and 2.7 g-1 
(wet weight) in spring onion (Table 4.2.6). No significant difference was observed in 
the mean helminth egg populations recorded in lettuce and cabbage (P = 0.061; CI = -
0.0339 – 1.4862), however, the difference between spring onion and both lettuce and 
Test Value = 3 
*The mean difference is significant at P ≤ 0.05. 
N is 60 for each vegetable  
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cabbage was significant (P = 0.001; CI = 0.8137 – 2.3831 for lettuce, and 1.5513 – 
3.0978 for cabbage)  
Table 4.2.6 Arithmetic mean of helminth eggs on vegetables 
 Vegetable N Mean helminth egg counts g-1 
Lettuce 60 1.14 (± 1.69) a 
Cabbage 60 0.42 (± 0.58) a 
Spring onion 60 2.74 (± 2.84) b 
Mean values followed by different letters are significantly different at P ≤ 0.05  
 
The identification of helminth eggs revealed the presence of Ascaris 
lumbricoides, Ancylostoma duodenale, Schistosoma heamatobium and Trichuris 
trichiura with A. lumbricoides eggs most predominant. Table 4.2.7 shows the 
prevalence of vegetables samples contaminated with the different worm eggs.  
Table 4.2.7 Proportions of vegetables with helminth eggs 
Vegetable Species % samples with eggs 
 
Lettuce (n=60) 
Ascaris 60 
Ancylostoma 5 
Schistosoma 2 
Trichuris 3 
 
Cabbage (n=60) 
Ascaris 55 
Ancylostoma 3 
Schistosoma 3 
Trichuris 2 
 
Spring onion (n=60) 
Ascaris 65 
Ancylostoma 3 
Schistosoma 1 
Trichuris 2 
 
4.2.2 Discussion 
Pesticide contamination 
In Ghana, it is estimated that 87% of farmers use pesticides on vegetables 
(Ntow, 2006). Insecticides are the most widely used among the different classes of 
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pesticides. Forty one percent of these insecticides are pyrethroids, and 37% are 
organophosphates. The rest are organochlorines and carbamates (Ntow, 2006).  
The results on pesticide residue detection indicated that several pesticides and 
especially chloropyrifos are widely used by vegetable producers in Ghana. This 
corresponds with other studies (e.g. Okorley and Kwarteng, 2002). As also described 
by Danso (2002), farmers mix cocktails of various pesticides to increase their 
potency. Vegetables are often eaten raw, and it is not surprising to read about 
evidence of chloropyrifos contamination, for example, in “waakye” with vegetables, a 
popular Ghanaian dish (Johnson, 2002). 
Lindane and endosulfan are restricted for the control of capsids on cocoa, stem 
borers in maize and for pests on coffee, while DDT is banned in Ghana. However, the 
data show that these more potent agrochemicals are used irrespective of whether 
approved for vegetable production or not.  
The results on the contamination levels, which often exceed the MRL, and the 
fact that only 14% of the samples had residues below detectable limits, is strongly 
indicative of a potential health risk to consumers. For example, all the 47 (78%) 
lettuce samples with detectable chlorpyrifos contamination exceeded the 
recommended residue level of 0.05 mg kg-1 indicating a high probability of exposure 
to these chemicals even though an assessment of actual pesticide intake was not 
possible in the frame of this study. A rough estimation reveals the risk potential as 
follows: The Acceptable Daily Intake (ADI)1 of chlorpyrifos, for example, is 0.01 mg 
kg-1 body weight (WHO, 1997). To exceed the ADI, a child weighing 30 kg would 
have to consume at least 0.3 mg per day. With a residue level of 1.6 mg kg-1 lettuce, 
the child would have to eat close to 200 g of lettuce per day. The amount of lettuce 
                                                 
3 The Acceptable Daily Intake (ADI) is a measure of the quantity of a particular chemical in food, 
which, it is believed, can be consumed on a daily basis over a lifetime without harm.  
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(usually served with other staples e.g. rice) is usually below 30 g indicating that even 
human with low bodyweight are not presently at risk.  
Attempts made to minimize the harmful effects of pesticides by promoting the 
use of neem seed extract have in most cases failed (Danso et al., 2002). The main 
constraints to neem use are supply and farmer awareness. Imported chemical 
pesticides are offered on the market at the lowest possible price due to the low import 
costs. Similar observations are reported from Togo and other countries (PAN/CTA, 
1995). In fact, pesticides are considered as plant medicine and the perception of 
human health risks is very low.  
A detailed study on this issue has been initiated by IWMI/UNESCO-IHE. 
Even though some form of education on the use of toxic pesticides has been done 
(Ntow, 1998), monitoring of pesticides residue on food is virtually non-existent in 
Ghana (Clark et al., 1997), especially because the analysis is too expensive for public 
institutions. As there is little incentive for the farmers to change their practices, and 
too few resources for the authorities to control them, risk reduction should focus more 
on farm and on household education to create demand for safer crops and appropriate 
washing procedures.  
Microbiological contamination of vegetables 
Several factors may account for the high levels of total and faecal coliform 
contamination recorded in most of the analysed vegetables. Among these is the use of 
polluted irrigation water and fresh poultry manure. Both the irrigation water and the 
manure are applied directly on the crops. Another contamination source is market-
related handling especially where provision for better sanitary standards (e.g. clean 
water for crop washing and ‘refreshing’) is lacking. Previous studies in Accra show 
faecal coliform population of irrigation water sources ranging between 4.8 x 103 and 
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2.8 x 106 100 ml-1 (Cornish et al., 1999; Mensah et al., 2001; Keraita et al., 2002) 
which exceed the WHO recommended level of 1 x 103 100 ml-1 for unrestricted 
irrigation. Drechsel et al. (2000) reported that fresh poultry litter samples sometimes 
used without sufficient drying for vegetable production in Kumasi had equally high 
faecal coliform counts ranging from 3.6 x 104 to 1.1 x 107. 
The mean faecal coliform levels of all the three crops exceed the International 
Commission on Microbiological Specifications for food (ICSMF) recommended level 
of 103 faecal coliform g-1 fresh weight. The relatively high total and faecal coliform 
population recorded on some vegetables was also reported by Johnson (2002) and 
Armar-Klemesu et al. (1998) who analyzed street food and market crops in Accra. 
These findings may explain a number of food-borne and water-related diseases in 
Accra, such as diarrhoea (sometimes related to typhoid or cholera) as well as 
intestinal worm infections, but have to be seen also in the context of generally sub-
optimal sanitary conditions in parts of the metropolis (Arde-Acquah, 2002). 
The results from the cities suggest that comparatively safer vegetables, in 
terms of total /faecal coliform contamination, are sold in Kumasi. The first reason for 
this could be that the majority of irrigated vegetable farmers in Kumasi use water 
from shallow wells, which appear to have a better water quality than sources in Accra 
and Tamale where the majority of farmers use water from drains. Cornish et al. 
(1999) reported that water from shallow wells in Kumasi had better quality than 
nearby rivers but were still often polluted (1.4 x 103-2.1 x 104 faecal coliforms 100 
ml-1). The second reason is that almost all the sellers in Kumasi wash the vegetables 
with irrigation water at the farm gate before selling it and retailers at the market 
usually wash them again before selling. Often only one bucket of water is used over 
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the whole day making the subsequent batches of vegetables dirtier (Drechsel et al., 
2000). 
Biologically, the highest health risk is for helminth infections compared with 
other pathogens since helminthes persist for longer periods in the environment, host 
immunity is usually low to non-existent and the infective dose is small (Gaspard et 
al., 1997). A. lumbricoides was the most predominant, and observed in 85% of the 
contaminated vegetables. This could be attributed to its high level of persistence in the 
environment.  
Although there is enough general epidemiological evidence in support of 
disease transmission through the consumption of contaminated vegetable irrigated 
with wastewater (Shuval et al., 1986), it is difficult for farmers and municipalities to 
comply with the WHO wastewater irrigation guidelines (WHO, 1989) due to various 
reasons (Drechsel et al., 2002). Simply banning the use of wastewater for unrestricted 
irrigation would deprive many farmers and sellers of their livelihood and drastically 
reduce the amount of many perishable vegetables in Ghana’s cities (Cofie and 
Drechsel, 2004). It would also not solve the problem of post-harvest contamination. 
Therefore, more efforts are needed to test possible options for risk reduction at farm, 
market, street restaurant and household level (Drechsel et al., 2002).   
 
4.2.3 Conclusion 
The results of this study have shown that typical microbiological and pesticide 
contamination levels of vegetables in Ghanaian markets pose a threat to human 
health. The potential harmful effects could be minimized through enforcement of 
legislation on harmful pesticides. This is, however, not feasible as such an effort 
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threatens the livelihood of many. Washing or cooking of food before eating is 
common in Ghanaian households. This could reduce or eliminate much of the 
microbiological and pesticide residues if done properly. The comparison of both risk 
factors shows that efforts for health interventions should focus more on short-term 
impact of microbiological crop decontamination particularly helminthes. The 
pesticide problem, despite its dimension, is however less critical for consumers’ 
health. 
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4.3 Microbiological and physico-chemical quality of irrigation water used in 
urban vegetable production 
 
4.3.1 Results  
4.3.1.1 Feacal coliform contamination levels of irrigation water from different 
urban sources 
 
The faecal coliform levels observed in all the three cities were between 9.0 x 
103 and 4.6 x 109 100 ml-1). In Accra, faecal coliform levels ranged from 5.0 x 104 to 
2.3 x 106 100 ml-1. The lower values were recorded in Dworwulu where farmers used 
pipe water stored in shallow wells while farming sites in Korle-Bu, La and Marine 
Drive where farmers used water from urban drains for irrigation recorded higher 
values (Fig 4.3.1a). The faecal coliform levels in water samples from Kumasi ranged 
between 9.0 x 103 and 9.2 x 107 100 ml-l with the highest concentration recorded at 
Gyenyase 1 (stream) (Fig 4.3.1b) while the wells showed low faecal coliform 
population density. In Tamale, the highest level of faecal coliform levels (4.6 x 109 
100 ml-1) was recorded at Kamina (Fig. 4.3.1c) 
All samples from the three cities exceeded (WHO, 1989) recommended level of 1000 
faecal coliform per 100 ml. 
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Fig.4.3.1 Faecal coliform levels of irrigation water sources in a) Accra, b) Kumasi 
and c) Tamale 
 
 
 
Error bars represent standard deviation of the mean 
A 
B 
C 
WHO recommended level 
Legend 
 
LA Waste stabilization pond La 
NMC1 Nima creek (stream, Opeibea) 
NMC2 Nima creek (stream, CSIR) 
DS Dworwulu stream 
DW Dwowulu shallow well 
MAR Marine drive, drain 
KBU1 Korle-Bu, drain 1 
KBU2 Korlebu, drain 1 
GBC Ghana Broadcasting cooperation, drain 
Legend 
 
WEL1 Shallow well 1, Weweso 
WEL2 Shallow well 2, Weweso  
GYST Gyenyase, stream 
GYWL Gyenyase, shallow well 
DL1 D’line, stream 1 
DL2 D’line, stream 2 
KK Karikari farms, drain  
Legend 
 
WW Water works, drain 
KMNSP Kamina, stabilization pond 
KMNSTR Kamina, stream 
SAKA Sakasaka, drain 
CHO1 Chogu, shallow well 1 
CHO2 Chogu, shallow well 2 
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4.3.1.2 Microbiological and physicochemical quality of irrigation water 
monitored at selected urban sources in Kumasi and Accra 
 
Irrigation water sources in Kumasi and Accra showed considerable variation 
in total and faecal coliform concentrations (Table 4.3.1). The maximum faecal 
coliform contamination densities for shallow well and stream samples in Kumasi were 
4 x 106 and 4 x 108 100 ml-1, respectively, while drain and stream samples in Accra 
showed densities of 9 x 106 and 2 x 107 100 ml-1, respectively.  
 
Table 4.3.1.  Range of total and faecal coliform bacteria in irrigation water at the 
four vegetable production sites in two cities 
 
City 
Irrigation water 
source* 
Irrigation water (MPN 100ml-1) 
Total coliform Faecal coliform 
 
Kumasi 
Shallow well 4 x 104 - 2 x 108 2 x 103 – 4 x 106 
Stream 4 x 105 2 x 1010 4 x 103 – 4 x 108 
Piped water 0 – 6 0 
 
Accra 
Drain 2 x 104 - 2 x 109 4 x 102-9 x 106 
Stream 4 x 104-2 x 108 9 x 102-2 x 107 
Piped water 0 – 3 0 
* N=52 for each irrigation water source 
Significantly higher faecal coliform level (P = 0.001; CI = -1.3827 to – 
0.6943) was observed in well water than in stream water from Kumasi. However, the 
difference in faecal coliform populations in drain and stream water from Accra was 
not significant (P = 0.994; CI = -0.5084 to 0.3672) (Table 4.3.2). Mean faecal 
coliform level in stream water from Kumasi was significantly (P = 0.001) higher than 
all other irrigation water sources in both Kumasi and Accra. 
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Table 4.3.2 Faecal coliform contamination levels of irrigation water used in 
lettuce production in two cities  
City Irrigation 
water source1 
Log of geometric mean of faecal coliform counts (MPN2100 ml-1) 
Range Geometric 
mean 
Standard 
error 
p-value 95%        
Confidence interval 
 
Kumasi 
Well (n=52) 
Stream (n=52) 
3.36 – 6.62 
3.44 – 5.75 
4.81 (0.64)3 
5.75 (1.13) 
0.1735 0.001 -1.3827 to -0.6943 
 
Accra 
Drain (n=52) 
Stream (n=52) 
2.60 – 6.62 
2.95 – 7.18 
4.89 (1.13) 
4.99 (1.12) 
0.2207 0.994 -0.5084 to 0.3672 
Piped water was excluded in the statistical analysis because no faecal coliforms were detected during 
the study period 
2Most Probable Number 
3 Figures in parenthesis are the standard deviation 
 
Throughout the 12-month sampling period faecal coliform levels in irrigation 
water from wells and streams in Kumasi significantly exceeded the WHO (2006) 
recommended level (1 x 103 100 ml-1) for unrestricted irrigation of crops likely to be 
eaten raw. Faecal coliform counts were generally higher in water samples from 
streams than from shallow wells in Kumasi (Fig. 4.3.2). There was no such clearly 
defined pattern between faecal coliform levels in drain and stream water sources in 
Accra where the WHO recommended coliform levels were equally exceeded in the 
majority of cases (Fig. 4.3.3). 
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Fig 4.3.2 Faecal coliform levels in irrigation water from shallow well and stream 
in Kumasi (piped water was excluded because faecal coliform level was zero throughout the 
study period). Smthwell and smthstream are curves for well and stream after exponential 
smoothening. 
 
 
0
1
2
3
4
5
6
7
8
9
10
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52
Weeks
L
og
 o
f m
ea
n 
fa
ec
al
 c
ol
ifo
rm
 c
ou
nt
 1
00
 m
l  
  
-1
Drain
Stream
smthdrain
smthstream
 
Fig 4.3.3 Faecal coliform levels in irrigation water from stream, drain and piped 
water in Accra (piped water was excluded because faecal coliform level was zero 
throughout the study period) Smthdrain and smthstream are curves for well and stream 
after exponential smoothening. 
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4.3.1.3 Helminth egg population in irrigation water 
A number of different types of helminth eggs were isolated from all irrigation 
water sources except piped water. These included eggs of Ascaris lumbricoides, 
Hymenolepis diminuta, Trichuris trichura, Facsiola hepatica, and Strogyloides larvae 
(Table 4.3.3). The results from Kumasi showed a higher helminth egg population in 
stream water than in shallow wells. From all the irrigation water sources in both 
Kumasi and Accra, Ascaris lumbricoides was the most predominant species recorded; 
population density ranged between 2 to 4 eggs l-1 (Table 4.3.3) exceeding the 
recommended level of <1 egg l-1 for unrestricted irrigation (WHO 2006).  
Table 4.3.3 Arithmetic mean numbers of helminth eggs in irrigation water1 from 
different vegetable growing sites in two cities (N = 10 for each irrigation water 
source) 
 
 
Helminth 
Arithmetic mean2 of eggs per litre 
Kumasi Accra 
Shallow well Stream Drain Stream 
Ascaris lumbrecoides 2 (3)3 3 (2) 3 (2) 4 (4) 
Hymenolepis diminuta 0  4 (1) 0 6 (2) 
Facsiola hepatica 0  2 (2) 5 (3) 0  
Schistosoma sp 0  3 (4) 0  0  
Strongyloides4 0  15 (12) 0  5 (2) 
1Piped water, as irrigation water source was not included because no helminth eggs were found during 
the study period 
2 Mean rounded to the nearest whole number 
3 Figures in parentheses are standard deviation; values were rounded to the nearest whole number 
4 These were larvae and not eggs 
 
4.3.1.4 Physicochemical parameters of irrigation water 
Table 4.3.4 shows ranges of pH, electrical conductivity, and temperature of 
irrigation water samples from the selected vegetable production sites. Samples from 
Accra were neutral to slightly alkaline while those from Kumasi were slightly acidic 
to slightly alkaline. None of these sites showed pH outside the expected normal range 
(6.5 to 8.4) for irrigation water. In Kumasi no significant difference (P = 0.835) in 
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mean pH was recorded between water samples from well and stream. However, 
significantly higher (P = 0.001) mean electrical conductivity levels were recorded in 
drain water than in stream water from Accra. The mean pH and temperature values of 
the irrigation water from stream and drain in Accra were not significantly (P = 0.755 
for pH and P = 0.137 for temperature) different. 
 
Table 4.3.4. Mean pH, electrical conductivity (EC), and temperature of irrigation 
water sources 
 
 
City 
Irrigation 
Water 
Source1 
 
 
Stat. 
 
 
pH 
 
 
P -
value 
 
 
Temp. 
 
 
P-
value 
 
EC 
(μS/cm) 
 
 
P-
value 
 
 
 
Accra 
 
Drain 
(n=52) 
Range 
Mean 
SD 
SE 
7.1-8.0 
7.4 
0.21 
0.03 
 
 
 
0.755 
 
 
 
 
26.5-30.2 
28.5 
0.96 
0.14 
 
 
 
0.137 
 
 
 
 
1072-1485 
1225.5 
122.2 
17.3 
 
 
 
0.001 
 
Stream 
(n=52) 
Range 
Mean 
SD 
SE 
7.1-8.2 
7.4 
0.22 
0.03 
26.5-30.1 
28.3 
0.81 
0.12 
1212-1357 
1274.5 
42.2 
6.0 
 
 
 
Kumasi 
 
Well 
(n=52) 
Range 
Mean 
SD 
SE 
6.5-7.3 
7.05 
0.18 
0.03 
 
 
 
0.015 
 
25.3-29.0 
27.3 
0.80 
0.11 
 
 
 
0.119 
209-578 
489.898 
85.5 
12.2 
 
 
 
0.835 
  
Stream 
(n=52) 
Range 
Mean 
SD 
SE 
6.9-7.6 
7.2 
0.13 
0.02 
25.3-28.4 
26.7 
0.64 
0.09 
838-1389 
1265.1 
98.5 
14.1 
1 piped water as irrigation water source was not included 
 
In Kumasi, significant positive linear correlations (P = 0.001; r = 0.651 for 
well and P = 0.001; r = 0.785 for stream) between faecal coliform population and 
electrical conductivity were observed for well and stream water sources. Similar 
results were observed in Accra (P = 0.001; r = 0.555 for drain and P = 0.001; r = 
0.635 for stream) for drain and stream water sources, respectively. In both Kumasi 
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and Accra, between 31 and 62% (R square) or 39 and 61% (adjusted R square) of 
variations in faecal coliform populations in the irrigation water sources can be 
explained through different electrical conductivity values. The standard error for these 
values was between 0.49 and 0.95. 
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Figure 4.3.4 Correlations between faecal coliform levels in irrigation water and 
electrical conductivity 
 
FC = 0.005132 EC – 1.196 
R2 = 31 
FC = 0.00492 EC + 2.406 
R2 = 42 
FC = 0.01781 EC + 1.893 pH – 31.71 
R2 = 54 
FC = 0.00753 EC + 2.722 pH – 23.344 
R2 = 61 
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4.3.1.5 Heavy metal concentration levels in irrigation water 
The results of the heavy metal concentration levels showed mean 
concentrations mostly below the recommended maximum for crop production cited 
by Pescod (1992) (Table 4.3.5). Only manganese exceeded the FAO threshold for 
crops at all sites in both Accra and Kumasi.  
 
Table 4.3.5 Concentration (in mg l-1) of selected heavy metals in different 
irrigation water sources 
City Irrigation 
water 
source 
Heavy 
Metal 
 
Range Mean Standard 
deviation 
Recommended 
max conc for 
crop* 
 
 
 
 
Accra 
 
 
Drain 
Fe 0.26-3.02 1.34 0.92 5.0 
Pb 0.01-0.06 0.03 0.02 5.0 
Mn 0.09-0.67 0.34 0.17 0.2 
Cd 0-0.01 0.006 0.005 0.01 
As 0.01-0.07 0.02 0.03 0.1 
 
 
Stream 
Fe 0.51-2.13 1.15 0.51 5.0 
Pb 0.01-0.06 0.03 0.02 5.0 
Mn 0.06-1.21 0.64 0.002 0.2 
Cd 0-0.01 0.003 0.002 0.01 
As 0.01-0.05 0.01 0.02 0.1 
 
 
 
 
Kumasi 
 
 
Well 
Fe 0.59-1.99 1.23 0.49 5.0 
Pb 0-0.06 0.03 0.02 5.0 
Mn 0-0.68 0.29 0.21 0.2 
Cd 0-0.10 0.02 0.03 0.01 
As 0-0.01 0.002 0.003 0.1 
 
 
Stream 
Fe 0.51-1.90 1.15 0.44 5.0 
Pb 0-0.06 0.02 0.02 5.0 
Mn 0.09-1.0 0.43 0.33 0.2 
Cd 0-0.3 0.007 0.01 0.01 
As 0.01-0.03 0.009 0.009 0.1 
*Pescod (1992) 
 
 
 
 126
4.3.2 Discussion  
The results of the microbiological quality of irrigation water confirm earlier 
reports that low quality water is being used for urban vegetable production in most 
Ghanaian cities (Cornish et al., 1999; Mensah et al., 2001). Other studies carried out 
in Accra (Armar-Klemesu et al., 1998; Zakariah et al., 1998; Sonou, 2001) also 
showed that there are hardly any unpolluted water sources available for irrigation.   
Vegetable growing sites in Korle-Bu, La, and Marine Drive where farmers 
used water from urban drains for irrigation recorded the higher values compared to 
Dworwulu where some farmers used piped water stored in shallow wells. The lack of 
differences between the mean faecal coliform levels in stream water at Dworwulu and 
drain water at Marine Drive was not surprising because streams and rivers in most 
Ghanaian cities are more or less drains and receive untreated wastewater from the 
surrounding communities.  
The significant differences recorded in faecal coliform levels between the two 
sources in Kumasi (well and stream) may suggest that shallow well water may pose 
relatively less risk to farmers and consumers, although the coliform levels exceeded 
1000 counts per 100 ml. Similar results have been reported from Kenya (Hide et al., 
2001) but Cornish et al. (1999) recorded in Kumasi temporarily higher faecal 
coliform population in shallow wells than in nearby streams. This may be due to the 
fact that probably the wells used in their study were shallower and got more easily 
contaminated through surface runoff on the field (Drechsel et al., 2000). 
Shallow wells or “dugouts” might be expected to meet the WHO 
recommended standard due to the natural filtering of aquifer materials and long 
underground retention times (Cornish et al., 1999) but those used in this study were 
often not protected against surface inflow and could have easily received pollutants 
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from the surrounding farm environment through runoff. In spite of that, shallow wells 
in Kumasi had, in general, better quality water than the streams. These were 
associated with water entering the wells and the extensive use of (fresh) poultry 
manure in vegetable farming (Cornish et al., 1999). There is therefore the need to 
improve on well systems to avoid run-off entering the wells. 
In Tamale, the highest level of faecal coliform levels was recorded at Kamina, 
where farmers used a broken down sewage pond for irrigation purposes. However, 
farmers here grow mostly indigenous vegetables, which are eaten cooked and 
therefore may pose less or no risks to consumers. 
As expected the quality of piped water from Accra and Kumasi had no faecal 
coliforms during the study period and would pose no health risks to farmers. 
However, this is rarely an official or reliable option for farming due to its price and/or 
common supply shortages (Tandia, 2002; Moustier and Fall, 2004). For example, only 
40% of residents of Accra have access to clean piped water. On the other hand the 
availability of marginal quality water affords farmers year-round production with a 
strong competitive advantage in the dry season. In Dakar, the use of polluted water 
allows 8-12 harvests of lettuce per year compared with 5-6 harvests by farmers who 
had no access to wastewater (Gaye and Niang, 2002).  
The significantly high positive correlation between electrical conductivity and 
coliform levels in polluted irrigation water sources accords with results reported by 
Cornish et al. (1999). This may be related to the degree of pollution from household 
kitchens and bathrooms where salts from soaps and detergents together with coliform 
bacterial contaminants are released into the system untreated.  
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The pH values observed in drain, stream, and well water sources used for 
irrigated vegetable production in Accra and Kumasi corresponded with the optimum 
pH of 6.5 to 8.5 required by most faecal coliform for growth.  
The analysis of heavy metal concentrations in irrigation water used for 
irrigation in Kumasi and Accra did not show values of public health concern as 
reported by Mensah et al. (2001). In most cases, the heavy metal levels in streams in 
and around Kumasi do not exceed common standards (Cornish et al. 1999; Mensah et 
al. 2001; McGregor et al. 2002).  The results confirm the notion that pathogen is the 
dominant source of pollution, with little evidence of significant water pollution from 
heavy metals in the study area.    
 
4.3.3 Conclusion 
The results comfirmed that polluted water is mostly used for urban vegetable 
production in the study sites. This poses high health risks to farmers especially when 
farmers fetch water without protection from possible contamination. The application 
of irrigation water (with watering cans) on the leaves of vegetables could also 
increase pathogen contamination and pose health risk to consumers. The pH, 
electrical conductivity, and heavy metal levels were generally within the acceptable 
limits.  
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4.4 Sources of microbiological contamination of lettuce along the production-
consumption pathway 
 
4.4.1 Results  
4.4.1.1 Microbiological quality of water used by farmers during the study period 
Apart from piped water, all other sources of irrigation water sampled during 
the study period showed faecal coliform levels significantly (p < 0.05) exceeding a 
geometric mean count of 1 x 103 100 ml-1 recommended by the World Health 
Organization (WHO, 1989) for unrestricted irrigation.  
4.4.1.2 Microbiological quality of lettuce at different entry points along the 
production consumption pathway 
Table 4.4.1 shows the faecal coliform contamination levels of lettuce at 
different entry points starting from farm to the final retail outlet. Irrespective of the 
irrigation water source, mean faecal coliform levels exceeded the recommended 
standard (103). For all treatments in both cities, there were no significant differences 
in the average lettuce contamination levels at different entry points (farm, wholesale 
market, and retail outlet). 
 
 
 
 
 
 
 
 
 
 
 
 130
Table 4.4.1 Mean faecal coliform contamination levels at different entry points 
along the production - consumption pathway of lettuce 
 
City 
Irrigation  
water source 
 
Statistic 
Log faecal coliform levels (MPN*100g-1)  
Farmgate Wholesale market Retail 
 
 
Kumasi 
Well Range (N=216) 
Geometric mean 
Standard error 
3.00 – 8.30 
4.54 (± 1.32)** 
0.27 
3.10 - 8.50 
4.44 (± 1.23) 
0.25 
3.20 - 7.00 
4.30 (± 1.04) 
0.18 
Stream Range   (N=216) 
Geometric mean 
Standard error 
3.40 – 7.10 
4.46 (± 0.81)  
0.17 
3.60 – 7.20 
4.61 (± 0.84) 
0.17 
3.50 – 7.20 
4.46 (± 0.91) 
0.19 
Piped water Range   (N=216) 
Geometric mean 
Standard error 
2.30 – 4.80 
3.50 (± 0.70) 
0.14 
2.60 – 5.30 
3.69 (± 0.84) 
0.17 
2.40 – 5.10 
3.65 (± 0.82) 
0.17 
 
 
Accra 
Drain Range   (N=216) 
Geometric mean 
Standard error 
 
3.40 – 6.00 
4.25 (± 0.74) 
0.15 
3.00 - 6.80 
4.24 (± 0.86) 
0.18 
3.00 - 6.50 
4.48 (± 0.78) 
0.16 
Stream Range   (N=216) 
Geometric mean 
Standard error 
3.20 - 5.70 
4.22 (± 0.66) 
0.13 
3.10 - 5.90 
4.29 (± 0.62) 
0.13 
3.20 - 5.50 
4.37 (± 0.59) 
0.12 
Piped water Range   (N=216) 
Geometric mean 
Standard error 
 
2.90 - 4.70 
3.44 (± 0.40) 
0.08 
2.90 - 4.80 
3.46 (± 0.43) 
0.09 
2.80 - 4.50 
3.32 (± 0.37) 
0.08 
*MPN, Most Probable Number 
**Figures in parentheses are standard deviations 
 
Figure 4.4.1 illustrates faecal coliform populations on lettuce samples 
collected in Kumasi at farm gate, wholesale market, and retail outlets over a 12 month 
period and for three irrigation water sources. Figure 4.4.2 shows corresponding data 
for the three irrigation water sources in Accra. High levels of faecal coliform counts 
(usually above common acceptable standard of 1 x 103 100g-1 wet weight) were 
recorded on all irrigated lettuce including those irrigated with piped water. 
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Fig 4.4.1 Feacal coliform levels at different entry points on production- 
consumption pathway of lettuce irrigated with water from well (A) stream (B) 
and piped water (C)  in Kumasi.  
4.4.1 B 
4.4.1 C Piped water irrigated 
Main wet (Mar-July) 
Short dry (July-Sept) 
Short wet(Sept-Oct) 
Main dry (Oct-Feb) 
4.4.1 A Well water irrigated 
Stream water irrigated 
Main wet (Mar-July) 
Short dry (July-Sept) 
Short wet (Sept-Oct) 
Main dry (Oct-Feb) 
Main wet (Mar-July) 
Short dry (July-Sept) 
Short wet (Sept-Oct) 
Main dry (Oct-Feb) 
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Fig 4.4.2 Faecal coliform levels at different entry points on production- 
consumption pathway of lettuce irrigated with water from stream (A) drain (B) 
and piped water (C) in Accra. 
4.4.2 C 
Main wet (April-July)
Short dry (July-Sept)
Short wet (Sept-Oct)
Main dry (Oct-Mar)
Main wet (April-July)
Short dry (July-Sept)
Short wet (Sept-Oct) 
Main dry (Oct-Mar) 
  
Stream water irrigated
Drain water irrigated 
Piped water irrigated 
4.4.2 A 
4.4.2 B 
Main wet (April-July)
Short dry (July-Sept)
Short wet (Sept-Oct) 
Main dry (Oct-Mar) 
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Apart from stream water irrigated lettuce from Accra, higher faecal coliform 
levels were recorded on lettuce from all the other irrigation water sources in the rainy 
season than in the dry season. However, the differences were significant (p<0.05) 
only in the cases of well and stream water irrigated lettuce from Kumasi. The results 
further showed that in 80 to 90% of the weeks sampled in Accra and Kumasi, there 
was no significant difference in the faecal coliform counts of samples analyzed from 
the farm gate, the markets, and final retail points. 
 
4.4.1.3 Helminth eggs 
Helminth eggs including that of Ascaris lumbricoides, Hymenolepis diminuta, 
Trichuris trichiura, Fasciola hepatica and Strongyloides larvae were detected on 
lettuce samples at the different entry points. The helminth egg population ranged from 
1 to 6 egg(s) 100 g-1 wet weight and between 50 to 75% of the eggs was viable. In the 
majority of cases, significantly (p<0.05) higher levels were detected in lettuce 
irrigated with polluted water than those from piped water irrigated sources. However, 
mean helminth egg populations on lettuce from the same original stock and irrigation 
water source did not show any significant difference from field to market (See Table 
4.4.2).  
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Table 4.4.2 Arithmetic mean of helminth egg contamination levels at different 
entry points along the production consumption pathway1 
 
City 
Irrigation  
water source 
Helminth egg 100 g-1 wet weight 
Farm Wholesale 
Market 
Retail 
 
Kumasi 
Well          4.1 ± (1.6) a2 4.9 ± (1.3) a 4.2 ± (1.3) a 
Stream 5.9 ± (1.4) b 4.9 ± (0.9) a 4.7 ± (0.6) a 
Piped water 1.9 ± (1.5) c 1.9 ± (1.2) b 1.2 ± (0.9) b 
 
Accra 
Drain 5.7 ± (1.1) a 5.9 ± (1.2) a 5.2 ± (1.5) a 
Stream  3.8 ± (0.9) b 3.1 ± (0.9) b   3.9 ± (1.2) ab 
Piped water 3.2 ± (0.7) b 2.1 ± (1.2) b 3.3 ± (1.0) b 
1Mean numbers represent the mean of all the different types of eggs as well as Strongyloides larvae.  
 (N=15 for each irrigation water source) 
Figures in parentheses represent the standard deviation.  
2Numbers in the same column with the same letters showed no significant difference between water 
sources per city (p>0.05).  
 
4.4.1.4 Seasonal variation in faecal coliform contamination levels of farm gate 
lettuce 
Significantly higher levels of faecal coliforms in well and stream water 
irrigated lettuce were recorded in Kumasi during the rainy season than in the dry 
season (Figures 4.4.3 and 4.4.4). A similar trend was observed in Accra. However, the 
differences were not significant (P > 0.05).  
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Fig. 4.4.3. Seasonal variation in faecal coliform contamination levels of farm gate 
lettuce produced with piped, well and stream water in Kumasi (N = 72 composite 
lettuce samples for each irrigation water source); Error bars represent the standard 
deviation 
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Fig. 4.4.4. Seasonal variation in faecal coliform contamination levels of farm gate 
lettuce produced with piped, drain and stream water in Accra (N = 72 composite 
lettuce samples for each irrigation water source). Error bars represent standard 
deviation. 
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4.4.1.5 Field trials to determine sources of pathogen contamination 
Faecal coliform contamination levels in irrigation water 
Mean faecal coliform levels in irrigation water from drains used during the 
study period were 1.1 x 106 for the first, 2.3 x 106 for the second, and 1.0 x 107 for the 
third trials.  
 
Faecal coliform and helminth egg contamination levels in soil at planting 
Considerably high faecal coliform contamination levels ranging between 3.9 x 
103 and 4.1 x 105 100 g-1 were recorded in the soil samples taken from the lettuce 
fields (Table 4.4.3). Samples from control plots (nearby plots with no farming 
activity) showed significantly lower faecal coliform levels (ranging between 0 and 2.1 
x 102 100 g-1).  
Prior to the start of the experiment all plots had more or less similar 
contamination levels as shown in Table 4.4.3. Although the range of helminth 
numbers was very wide (Table 4.4.4) the differences were not significant.  
 
Table 4.4.3 Geometric mean count of faecal coliforms in soil before the 
experiment (N=32 composite samples in each trial) 
 
Irrigation 
water source 
 
Planned 
Treatment1 
MPN 100 g-1 soil 
 
Trial 1 
 
Trial 2 
 
Trial 3 
 
Wastewater 
PM1 6.3 x 104 1.8 x 105 2.3 x 104 
PM2 6.9 x 104 8.3 x 104 6.4 x 103 
PM3 8.3 x 104 4.0 x 104 1.4 x 104 
F 5.5 x 104 2.5 x 104 2.8 x 104 
 
Piped water 
PM1 6.8 x 104 7.9 x 104 3.9 x 104 
PM2 6.4 x 104 6.1 x 104 7.5 x 103 
PM3 4.1 x 105 6.5 x 104 8.1 x 104 
F 1.9 x 104 2.9 x 104 3.9 x 103 
1,  PM1, PM2, PM3: poultry manure samples with faecal coliform contamination levels 4.3 x 107, 2.4 x 
105 and 3.3 x 103, respectively. F: Inorganic fertilizer, 15,15,15 NPK  
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Table 4.4.4 Helminth contamination levels1 of soil used in the trials (N=32 
composite samples in each trial) 
 
Irrigation 
water source 
 
Planned 
Treatment2 
MPN 10g-1 soil 
 
Trial 1 
 
Trial 2 
 
Trial 3 
 
Wastewater 
PM1 11 (7)3 7 (3) 5 (4) 
PM2 8   (5) 11 (1) 8 (5) 
PM3 19 (5) 8 (6) 7 (4) 
F 13 (4) 11 (6) 7 (5) 
 
Piped water 
PM1 9  (4) 9  (5) 7 (4) 
PM2 15 (7) 8  (3) 5 (3) 
PM3 10 (4) 12 (7) 7 (4) 
F 13 (5) 8  (4) 7 (6) 
1 Mean value rounded to the nearest whole number 
2  PM1, PM2, PM3: poultry manure samples with faecal coliform contamination levels 4.3 x 107, 2.4 x 
105 and 3.3 x 103, respectively. F: Inorganic fertilizer, 15,15,15 NPK 
3 Figures in parenthesis are standard deviation 
 
Faecal coliform and helminth contamination levels on lettuce at harvest 
Most (85%) wastewater-irrigated vegetables in all the three trials recorded a 
comparatively higher faecal coliform contamination levels than the piped water 
irrigated ones. The difference was however significant only in 33% of the cases 
(Table 4.4.5). 
  
Table 4.4.5 Faecal coliform contamination levels1 on irrigated lettuce produced 
with poultry manure and inorganic fertilizer (N = 96 composite samples) 
Irrigation water 
source 
Planned 
Treatment2 
MPN 100 g-1 (fresh weight) 
Trial 1 Trial 2 Trial 3 
 
Wastewater 
 
PM1 6.1 x 104 3.6 x 105 3.0 x 105 
PM2 6.7 x 104 9.1 x 104 3.6 x 105 
PM3 8.3 x 104 4.7 x 105 8.0 x 105 
F 5.5 x 104 9.8 x 104 9.2 x 105 
 
Piped water 
PM1 6.8 x 104 3.5 x 105 1.8 x 103 
PM2 6.4 x 104 3.0 x 105 1.9 x 104 
PM3 4.1 x 104 5.9 x 103 2.9 x 103 
F 1.9 x 104 2.0 x 103 2.0 x 103 
1 Geometric mean counts 
2 PM1, PM2, PM3: poultry manure samples with faecal coliform contamination levels 4.3 x 107, 2.4 x 
105 and 3.3 x 103, respectively. F: Inorganic fertilizer, 15, 15, 15 NPK 
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In the wastewater-irrigated plots, there was no relationship between the faecal 
coliform levels on lettuces and the faecal coliform concentration in poultry manure 
applied plots. This may be due to the dominant effect of contaminants from the 
irrigation water.  
Under piped water irrigation, the effect of the different poultry manure (PM) 
contamination levels, among each other and in comparison with inorganic fertilizer 
(F) became more apparent. Generally, higher faecal coliform levels were recorded on 
plots receiving poultry manure and piped water as compared to those receiving just 
piped water. However, the differences were only significant in 22% of the cases.  
Helminth egg contamination in lettuce was significantly higher in 30% of the 
wastewater irrigated plots than the piped water irrigated ones.  Significantly higher 
levels of helminth egg contamination were observed in only 8% of the piped water 
irrigated plots than those irrigated with wastewater (Table 4.4.6).  
 
Table 4.4.6 Helminth egg contamination levels of waste/piped water irrigated 
lettuce produced with poultry manure and inorganic fertilizer (N=96 composite 
samples i.e. 12 composite samples per planned treatment) 
 
 
Irrigation water source 
Planned 
Treatment1 
MPN 100  g-1 (fresh weight) 
Trial 1 Trial 2 Trial 3 
 
 
Wastewater 
 
 
PM1 3 (2)2 5 (2) 6 (2) 
PM2 4 (1) 3 (2) 2 (2) 
PM3 3 (3) 2 (2) 3 (2) 
F 2 (3) 2 (2) 3 (3) 
Total 12 12 14 
 
 
Piped water 
 
 
PM1 3 (3) 2 (1) 1 (2) 
PM2 1 (1) 3 (2) 1 (1) 
PM3 2 (2) 3 (4) 5 (1) 
F 3 (1) 2 (1) 1 (1) 
Total 3 10 8 
1PM1, PM2, PM3: poultry manure samples with faecal coliform contamination levels 4.3 x 107, 2.4 x 
105 and 3.3 x 103, respectively. F: Inorganic fertilizer, 15, 15, 15 NPK 
2Figures in parentheses are standard deviation; values were rounded to the nearest whole number 
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4.4.2 Discussion  
Household consumption of raw salad is less common in Ghana than its 
Francophone neighboring countries (Klutse, 2006). However, with increasing fast-
food consumption especially in Ghanaian urban centers, “exotic” vegetables, like 
lettuce, are today a common ingredient of outdoor urban diets. Most lettuce is 
produced on urban farms along polluted streams and drains. With the exception of 
piped water, faecal coliform contamination levels in the irrigation water used 
generally exceeded WHO recommended standard for unrestricted irrigation.   
This study revealed that the contamination of lettuce with pathogenic 
microorganisms does not significantly increase through post-harvest handling and 
marketing. This was not expected in view of the alarming low hygienic conditions, 
including washing habits, poor display and handling of food as well as limited 
availability of sanitation infrastructure on market sites.  For example, Nyanteng 
(1998) reported that only 31% of the markets in Accra have a drainage system, only 
26% have toilet facilities, and only 34% are connected to pipe-borne water.   
Considering lettuce irrigated with water from polluted sources, it seems the 
initial contamination on the farm was so high to mask the effect of the applied 
concentrations. However, lettuce irrigated with piped water showed lower on farm 
contamination which indicates that there is no post-harvest contamination hidden 
behind huge farm-gate levels. The results on microbiological contamination of lettuce 
(from field to market) are contrary to results of Armar-Klemesu et al. (1998), who 
attributed the significantly higher faecal coliform levels found on market than the 
farm vegetables (including lettuce) to handling. Their study did not however establish 
the produce from the markets had come from the specific farm sources examined in 
their study. 
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This study also revealed that even at the farm level, wastewater is only one of 
several sources of crop contamination, although it can be the major one. Besides 
irrigation water, other identified contamination sources in the farm are immature 
manure as well as the previously contaminated soil. Both sources of contamination 
might be difficult to control (e.g. mulch to reduce splash), which stresses the need for 
post harvest measures, such as efficient washing practices in markets and at the 
household level should reduce the contamination considerably.  
Beuchat (1999) reported that vegetables can become contaminated with 
microorganisms capable of causing human diseases while still on farm, or during 
harvesting, transport, processing, distribution and marketing, or in the home. The 
results of this study however suggest that post harvest contamination is not a major 
contamination source as compared to contamination on the farm.  
To reduce health risk associated with the consumption of contaminated 
lettuce, it is important therefore to tackle the problem first at the farm level through 
good agricultural practices, including changes in irrigation methods. However, 
common guidelines for wastewater use in agriculture are rarely adopted for a variety 
of reasons. For example, economic constraints limit the level of wastewater treatment 
that can be provided in developing countries. Also small size and insecure land tenure 
are significantly constraining farmer’s ability to invest in farm infrastructure such as 
drip irrigation or on-farm sedimentation ponds (Drechsel et al., 2002). Although 
earlier trials by Keraita et al. (2007) show that the contamination levels can be 
reduced on the farm through minor changes in practices, it is unlikely that 
contamination can be minimized below the threshold of safe consumption as the data 
from the use of piped water show.  
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It will therefore be necessary to wash the crops in addition to on farm 
techniques designed to reduce health risks. The last stage in the production-
consumption chain, where food for home consumption or fast food for street sales is 
prepared, appears to be a good entry point. Awareness for food safety is generally 
high in Ghana as more than 90% of the food vendors and consumers wash their salad 
before serving. However, individual methods vary largely and there is no information 
on effectiveness of these variations of the methods. Consumers often associate good 
quality food with neat appearance of vendors and visually clean food (Olsen, 2006), 
which is a first step but not sufficient to avoid contaminated food (Mensah et al., 
2002).  
 
4.4.3 Conclusion 
The study has shown that the much of the microbial contamination of lettuce 
produced from urban sources in Accra and Kumasi occurs on the farm. The post 
harvest sector is likely a relatively minor contributor to lettuce contamination. The 
results confirm that even at the farm level, wastewater is only one of several sources 
of crop contamination, although it can be the major one. Besides irrigation water, 
other contamination sources identified in the farm are immature manure as well as the 
already contaminated soil. Both might be difficult to control (e.g. mulch to reduce 
splash), and stresses the need for post-harvest measures, such as efficient washing 
practices at markets and at the household level.  From the results, it may be concluded 
that a focus only on wastewater treatment is insufficient to safeguard consumers’ 
health. This is more so the case where wastewater treatment is inadequate. The 
reduction of potential health risks resulting from faecal coliform and helminth 
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contamination of urban and peri-urban vegetables thus requires a more holistic 
approach taking care of various contamination sources.  
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4.5 Phenotypic characterization of the faecal coliform isolates on lettuce irrigated 
with water from different sources 
 
4.5.1 Results 
4.5.1.1 Dendrograms illustrating the clusters of bacterial isolates 
Figures 4.5.1 – 4.5.6 show dendrograms of faecal bacterial isolates from 
lettuce irrigated with water from different sources in Accra and Kumasi. Isolates from 
drain, stream, and piped water irrigated lettuce from Accra revealed 8, 9 and 12 
clusters, respectively while stream, well, and piped water irrigated from Kumasi 
showed 7, 7 and 10 clusters, respectively. These distinctive clusters for all 
dendrograms were obtained at a rescaled distance of 2.5 and at rescaled distances 
above 2.5 between 2 to 4 distinct clusters were produced. The identified clusters at a 
rescaled distance of 2.5 were designated as A, B, C, D, etc while subgroups within a 
cluster were designated as A1, A2, B1, B2, etc. 
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Figure 4.5.1 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with stream water in Accra. The letters on the left designate the clusters used and the 
figure represent isolate ID  number 
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Figure 4.5.2 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with drain water in Accra. The letters on the left designate the clusters used and the 
figure represent isolate ID  number 
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Figure 4.5.3 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with piped water in Accra. The letters on the left designate the clusters used and the 
figure represent isolate ID number 
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Figure 4.5.4 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with stream water in Kumasi. The letters on the left designate the clusters used and the 
figure represent isolate ID  number 
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Figure 4.5.5 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with Well water in Kumasi. The letters on the left designate the clusters used and the 
figure represent isolate ID  number 
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Figure 4.5.6 Dendrogram illustrating the clustering of faecal coliform isolates from lettuce 
irrigated with piped water in Kumasi. The letters on the left designate the clusters used and the 
figure represent isolate ID  number 
 
 
 
4.5.1.2 API 20E analyses 
Table 4.5.1 shows the level of identification (excellent, very good, good, 
acceptable and low discrimination) of faecal coliform isolates from Accra and 
Kumasi. About 85% and 87% of the identifications in Accra and Kumasi, respectively 
were rated good or better. The remaining 15% for Accra and 13% for Kumasi, were 
either described as acceptable or low discrimination. 
 
Table 4.5.1 Level of identification of faecal coliform isolates on lettuce irrigated 
with water from different sources 
 
 
Level of identification 
Percentage identified 
Accra Kumasi 
Excellent                    (ex)   19.1 9.2 
Very good                  (vg)   26.5   29.6 
Good                          (g  )   39.7   48.1 
Acceptable                 (ac) 4.4 5.5 
Low discrimination   (lo )   10.3 7.4 
 
 
The identified isolates in both Accra and Kumasi belonged to 9 genera 
(Cedecea, Enterobacter, Erwina, Escherichia, Klebsiela, Kluyvera, Aeromonas, 
C 
D 
G 
E 
F 
H 
I 
J 
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chryseomonas and serratia) (Tables 4.5.2 and 4.5.3). Most of the faecal bacterial 
isolates from both Accra (50%) and Kumasi (47%) belonged to the genera 
(Enterobacter and Escherischia). Irrespective of the irrigation water used most of the 
faecal coliform identified belonged to at least seven of the 9 genera observed.  
 
Table 4.5.2. Phenotypic characterization of bacterial isolates in Accra, as 
determined by API 20E identification system 
 
Isolate 
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index2 Result 
207 Stream 3107373    99.9  (ex) 0.77 Enterobacter sakazakii 
397 Stream 5144572    96.5  (g  ) 0.97 E. coli 
361 Stream 3107373    9.9.9 (ex) 0.77 Enterobacter sakazakii  
222 Stream 5146573    96.5  (vg) 0.58 Serratia odorifera 
221 Stream 3005103    99.2  (vg) 0.69 Cedeca lapagei 
191 Stream 5144572    96.5  (g  ) 0.97 E. coli 
404 Stream 5144552    96.5  (g  ) 0.97 E coli 
214 Stream 3307573    99.8  (vg)  0.98 Enterobacter sakazakii 
 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
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Continuation of table 4.5.2 
Isolate 
Irrigation 
water 
aource 
API 
Numerical 
profile %ID 
 
 
T index Results 
151a Stream 5146573  96.5  (g  ) 0.53 Serratia odorifera 
225 Stream 3307573  99.8  (vg) 0.98 Enterobacter sakazakii 
234 Stream 3307373  99.9  (ex) 0.96 Enterobacter sakazakii 
386 Stream 3307373  99.9  (ex) 0.96 Enterobacter sakazakii 
375 Stream 1044552  69.3  (g  ) 0.87 E. coli1 
    25.0  (g  ) 0.88 E. coli2 
204 Stream 5144572  96.5  (g  ) 0.97 E. coli 
254a Stream 5046773  99.5  (vg) 0.75 Serratia odorofera 
83 Stream 4144573  33.2  (lo ) 3 0.73 E. coli 
    66.6  (lo ) 0.74 Kluyvera spp 
407 Stream 2007523  ND ND ND 
414 Stream 5045773  87.7  (lo )  0.75 Klebsiella oxytoca 
    9.4    (lo ) 0.57 Serratia odorifera 
    2.4    (lo ) 0.47 Klebsiella ornithinolytica 
415a Stream 5047572  ND ND ND  
215 Stream 7107173  9.9    (vg) 0.45 Enterobacter cloacae 
    89.3  (vg)   Enterobacter amigenus 
200 Stream 3307373  99.9  (ex) 0.96 Enterobacter sakazakiii 
392 Stream 7347773  ND ND ND  
194 Stream 3307373  99.9  (ex) 0.96 Enterobacter sakazakii 
399 Stream 5144572  96.5  (g  ) 0.97 E.coli 
156 Drain 3307773  99.9  (ex ) 0.94 Enterobacter sakazakii 
168 Drain 1007123  34.4  (lo ) 0.80 Serratia plymuthica 
    31.0  (lo ) 0.78 Ent agglomerans 1 
    18.0  (lo ) 0.69 Serratia rubideae 
    15.4  (lo ) 0.70 Erwina spp 
63 Drain 7047472  ND ND ND 
15 Drain 3307573   99.8  (vg ) 0.98 Enterobacter sakazakii 
69a Drain 5144572  96.5  (g  ) 0.97 E.coli 
183 Drain  3307373  99.9  (ex) 0.96 Enterobacter sakazakii 
5 Drain 3007127  94.7  (vg) 0.78  Aer.hydro./caviae 
    5.3    (vg ) 0.58 Aeromonas sobria 
64a Drain  1007523  80.6  (lo ) 0.82 Seratia plymuthica 
    9.3    (lo ) 0.63 Erwina spp 
    8.0    (lo ) 0.64 Ent agglomerans 
48 Drain 3315373  87.3  (ac ) 0.67 Enterobacter sakazakii 
392 Drain 5144572  96.5  (g  ) 0.97 E. coli 
3 Drain 5217773  ND ND ND 
64b Drain 5144572  96.5  (g  ) 0.97 E. coli 
133 Drain  3007173  ND ND ND 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
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Continuation of table 4.5.2 
Isolate 
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index Result 
66 Drain 5144573  68.2  (lo )   0.88   Kluyvera app 
    31.1  (lo )   0.87   E. coli1 
6 Drain 3307573  97.7  (g  )   0.82   Enterobacter. Sakazakiii 
30 Drain 5144572  99.2  (vg) 0.91 E. coli 
38 Drain  1044573  49.4  (lo ) 0.77 Leal. Adecarboxylata 
    30.7  (lo ) 0.83 E. agglomerans 2 
1 Drain  3007127  94.7  (vg) 0.73 Aer.hydro./caviae 
    5.3    (vg) 0.58 Aeromonas. Sobria 
22 Drain 5144572  96.5  (g  ) 0.97 E. coli 
42 Drain 5044572  99.2  (vg) 0.91 E. coli 
44 Drain 5044572  99.2  (vg) 0.91 E. coli 
41 Drain  5044552  96.5  (g ) 0.97 E. coli 
187 Drain  7305573  91.3  (g  ) 0.67 Enterobacter. Cloacae 
101a Pipe 5144572  96.5  (g  ) 0.97 E. coli 
106 Stream 1001022  88.8  (ac)   0.71     Sphmon  paucimobilis 
115 Pipe 5046773  99.5  (vg) 0.75 Serratia odorifera 
116 Pipe 5144572  96.5  (g  ) 0.97 E. coli 
101b Pipe 3315373  87.3  (ac) 0.67 Enterobacter sakazakii 
121b Pipe 3307573  97.7  (g  ) 0.82 Enterobacter Sakazakii 
93 Pipe 7347773  ND ND ND 
151b Pipe 2007323  ND ND ND 
108 Pipe 5044552  96.5  (g  ) 0.97 E. coli 
74 Pipe 5144572  96.5  (g  ) 0.97 E. coli 
103 Pipe 3147773  99.9  (vg) 0.75 Enterobacter sakazakii 
83 Pipe 4144573  66.5  (g  ) 0.74 Kluyvera spp/  
    32.2  (g  ) 0.73 E. coli 1 
151a Pipe 5144572  96.5  (g  ) 0.97 E. coli 
77 Pipe 3307373  99.9  (ex) 0.96 Enterobacter sakazakii 
137 Pipe 3147773  99.9  (vg) 0.75 Enterobacter sakazakii 
34 Pipe 5144472  97.8  (g  ) 0.74 E. coli 
36 Pipe 1007123  34.4  (lo )   0.80   Serratia plymuthica 
    31.0  (lo )   0.78   Ent. Agglomerans1 
    18.0  (lo )   0.69   Serratia rubideae 
    15.4  (lo )   0.70   Erwina spp 
18 Pipe 5044572  99.2  (vg)   0.91   E. coli 
24 Pipe 5144572  96.5  (g  )   0.97   E. coli 
27 Pipe 7107173  89.3   (vg)   0.76   Enterobacter amigenus 
    9.9     (vg)   0.45   Enterobacter cloacaes 
35 Pipe 3307373  99.9   (ex)   0.96   Enterobacter sakazakii 
122 Pipe 3107373  99.9   (ex)   0.77   Enterobacter sakazakii 
33 Pipe 3005103  99.2   (vg)   0.69   Cedeca lapagei 
25 Pipe 7347763  ND   ND   ND 
 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
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Continuation of table 4.5.2 
Isolate 
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index Result 
28 Pipe 3307573 97.7    (gd) 0.82 Enterobacter sakazakii 
31 Pipe 3307373 99.9    (ex) 0.96 Enterobacter sakazakii 
17 Pipe 3307773 99.9    (ex)  0.94 Enterobactersakazakii 
28 Pipe 3005103 99.2    (vg) 0.69 Cedeca lapagei 
32 Pipe 5144572 96.5    (g  ) 0.97 E coli 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
 
 154
 
Table 4.5.3. Phenotypic characterization of bacterial isolates in Kumasi, as 
determined by API 20E identification system 
Isolate 
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index Result 
277a Stream 7347773 ND ND ND  
211 Stream 3307773 75.7    (ex) 0.98 Enterobacter sakazakii 
   24.3    (ex) 0.86 Enterobacter cloacae 
226 Stream 3307773 99.9    (ex) 0.94 Enterobacter sakazakii 
316 Stream 2305573 90.5    (g  ) 0.75 Enterobacte .cloacae 
392 Stream 3007125 53.0    (vg) 0.68 Aeromonas sobria 
   47.0    (vg) 0.66 Aer.hydro./caviae 
328 Stream 3004000 93.8    (g  ) 0.72 Chryseomonas luteola 
352 Stream 7164473 ND ND ND  
373 Stream 1004552 ND ND ND 
240 Stream 4144572 96.1    (g  ) 0.83 E. coli 
364 Stream 3007125 53.0    (vg) 0.68 Aeromonas sobria 
   47.0    (vg) 0.66 Aer.hydro./caviae 
232 Stream 3017123 ND ND ND  
275 Stream 3147773 99.9    (vg) 0.75 Enterobacter sakazakii 
170 Stream 1207523 62.2    (g  ) 0.86 Serratia plymuthica 
   33.9    (g  ) 0.75 Serratia ficaria 
179 Stream 3307373 99.9    (ex) 0.96 Enterobacter sakazakii 
315 Stream 3007563 ND ND ND 
329 Stream  7357753 ND ND ND  
382 Stream  3307373 99.9    (ex) 0.96 Enterobacter sakazakii 
42 Stream 4044572 95.0    (vg) 0.77 E. coli1 
   4.8      (vg) 0.64 E.coli 2 
383 Stream 5144472 97.8    (g  ) 0.74 E. coli 
281a Stream 4147573 ND ND ND  
319 Stream 3007723 ND ND ND 
333 Stream 3307373 99.9    (ex) 0.96 Enterobacter sakazakii 
325 Stream 3007125 53.0    (vg) 0.68 Aeromonas sobria 
   47.0    (vg ) 0.66 Aer.hydro.caviae 
332 Stream 5104572 87.0    (ac) 0.83 E. coli 
390 Well 3007127 94.7    (vg) 0.78 Aer. Hydro./caviae 
   5.3      (vg) 0.58 Aeromonas sobria 
428 Well 3207573 72.3    (g  ) 0.68 Enterobacter sakazakii 
432 Well 3007127 94.6    (vg) 0.70 Aer. Hydro./caviae 
   5.3      (vg ) 0.50 Aeromonas sobria 
438 Well 3206202 99.9    (vg) 0.73 Chryseomonas luteola 
425 Well 3007563 ND ND  ND 
      
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
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Continuation of table 4.5.3 
Isolate  
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index Result 
442 Well 7107173 89.9   (vg) 0.82 Enterobacter amigenus 
   9.9     (vg) 0.45 Enterobacter cloacae 
434 Well 3007563 ND ND ND 
400 Well 3307573 97.7   (g  ) 0.82 Enterobacter sakazakii 
441a Well 3005143 89.0   (ac) 0.53 Cedeca lapagei 
189 Well 5144572 96.5   (g  ) 0.97 E. coli 
408 Well 4155373 66.6   (lo ) 0.74 Kluyvera spp 
   33.2   (lo ) 0.73 E. coli 
394 Well 5046773 99.5   (vg) 0.75 Serratia odorifera 
164 Well 5045773 87.7   (lo ) 0.75 Kleibsiella oxytoca 
   9.4     (lo ) 0.57 Serratia odorifera 
   2.4     (lo ) 0.47 K. orithinolytica 
363 Well 4147573 ND ND ND 
367 Well 5144572 96.5   (g  ) 0.97 E .coli 
119 Well 3007127 94.6   (vg) 0.70 Aer. Hydro./caviae 
   5.3     (vg) 0.50 Aeromonas sobria 
68 Well 3147773 99.9   (vg) 0.75 Enterobacter sakazakii 
92 Well 7347773 ND ND ND 
124 Well 3307573 97.7   (g  ) 0.82 Enterobacter sakazakii 
177 Well 2305573 90.5   (g  ) 0.75 Enterobacter cloacae 
398 Well 3307573 97.7   (g  ) 0.82 Enterobacter sakazakii 
370 Well 2305573 90.5   (g  ) 0.75 Enterobacter cloacae 
405 Well 3007723 ND ND ND 
110 Pipe 3147773 99.9   (vg) 0.75 Enterobacter sakazakii 
117 Pipe 3017123 ND ND ND 
393 Pipe 2305573 90.5   (g  ) 0.75 Enterobacter cloacae 
195 Pipe 2305573 90.5   (g  ) 0.75 Enterobacter cloacae 
185 Pipe 1001022 88.8   (ac) 0.71 Sphom paucimobilis 
235 Pipe 7305573 91.3   (g  ) 0.67 Enterobacter cloacae 
167 Pipe 5105373 99.9   (vg) 0.75 Enterobacter aerogenes 
162 Pipe 7305573 91.3   (g  ) 0.67 Enterobacter cloacae 
223 Pipe 3007723 ND ND ND 
402 Pipe 3007563 ND ND ND 
80 Pipe 1207523 62.2   (g  ) 0.86 Serratia plymuthica 
   33.9   (g  ) 0.75 Serratia ficaria 
52 Pipe 3206202 99.9   (vg) 0.73 Chryseomonas luteola 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
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Continuation of table 4.5.3 
Isolate  
Irrigation 
water 
source 
API 20E 
Numerical 
profile ID%1 
 
 
T index Result 
65 Pipe 5146573 96.5   (g  ) 0.53 Serratia odorifera 
67 Pipe 5144572 96.5   (g  ) 0.97 E coli 
231 Pipe 4144572 96.1   (g  ) 0.83 E coli 
78 Pipe 5144573 68.2   (lo ) 0.88 Kluyvera spp 
   31.1   (lo ) 0.87 E coli 1 
403 Pipe 3007125 53.0   (vg) 0.68 Aeromonas sobria 
   47.0   (vg) 0.66 Aer.hydro./caviae 
205 Pipe 3007127 94.7   (vg) 0.78 Aer hydro./caviae 
   5.3     (vg) 0.58 Aeromonas sobria 
39 Pipe 4144572 96.1   (g  ) 0.83 E coli 
160 Pipe 1044552 69.3   (g  ) 0.87 E coli 1 
   25.0   (g  ) 0.88 E coli 2 
62 Pipe 1007523 80.6   (lo ) 0.82 Serratia plymuthica 
   9.3     (lo ) 0.63 Erwina spp 
   8.0     (lo ) 0.64 Ent agglomerans 
409 Pipe 5146573 96.5   (g  ) 0.75 Serratia odorifera 
127 Pipe 3147773 99.9   (vg) 0.75 Enterobacter sakazakii 
135 Pipe 7164473 ND ND ND 
1The percentage of identification (%id) is an estimate of how closely the profile corresponds to the 
taxon relative to all the other taxa in the database.  
2The T-index represents an estimate of how closely the profile corresponds to the most typical set of 
reactions for each taxon. Its value varies between 0 and 1, and is inversely proportional to the number 
of atypical tests.  
3The level of identification: ex = Excellent, vg = Very good, g = Good, ac = acceptable, lo = low 
discrimination 
ND=profile does not correspond to any particular species 
 
 
Table 4.5.4 shows the number of E. coli isolates suspected to be E. coli 
0157:H7. E. coli 0157:H7 form colourless colonies on Sorbitol MacConkey agar 
while any other bacteria (including E. coli) form pink colonies. On Chromocult agar, 
they form salmon red to red colonies. 
 
Table 4.5.4 Number of E. coli isolates identified as E. coli 0157:H7 
City Irrigation water source Number E. coli 0157:H7 isolates 
 
Accra 
Drain 1 (8)1 
Stream 2 (7) 
Pipe 0 (8) 
 
Kumasi 
Stream 1 (4) 
Well 0 (2) 
Pipe 1 (4) 
1Figures in parentheses are total number of E. coli isolates 
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4.5.2 Discussion 
The occurrence of foodborne outbreaks associated with fresh produce in recent 
times has necessitated the examination of food safety measures during growth and 
processing of these products. The study has confirmed earlier studies (section 4.4, this 
study; Mensah et al., 2001) that irrespective of the quality of irrigation water used, 
lettuce produced in both Accra and Kumasi were contaminated with faecal coliforms. 
The isolated bacteria were normal enteric bacteria of both humans and other animals. 
This implies that both animals and/or humans could be sources of faecal bacteria 
contamination of vegetables produced in the study areas.  
The indication that animals are potential source of faecal coliform 
contamination is not surprising since the majority of farmers in the study area used 
poultry manure and cow dung (chapter 4, this study, Drechsel et al., 2000; Mensah et 
al., 2001; Obuobie et al., 2006) as manure. Some studies in Ghana have isolated 
Salmonella, Campylobacter and E. coli from the cloacal contents of live birds (Sackey 
et al., 2001). Contamination of human faeces is also possible on the farms because of 
the absence of proper toilet facilities on these farms and the indiscriminate disposal of 
human excreta from the surrounding communities into drains and streams which serve 
as sources of irrigation water in most of these farms. Even though tap water used for 
the irrigation of lettuce during the study period was better than the other sources in 
terms of coliform populations, it did not affect the specific types of pathogens isolated 
compared to those irrigated with water from polluted sources. 
The absence of Salmonella and Shigella in all the identified isolates was 
surprising considering the high levels of faecal coliform population estimates on 
lettuce, in poultry manure used and the irrigation water sources. However, the 
selectivity of the most probable number technique (Stiles and Lai-King, 1981) used in 
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the primary isolation process could account for the exclusion of Salmonella. The same 
reason might account for the high frequency of E. coli and Enterobacter sakazakii. 
For example, E. sakazakii is one of the most thermotolerant organisms in the family 
Enterobacteriaceae and its isolation has been possible at 52, 54, 56, 58, and 60°C 
(http://www.ugacfs.org/faculty/Erickson/EBWhitePaper.mpd.PDF) Several studies 
have however isolated Salmonella and Shigella spp from lettuce and other vegetables 
(Castro de Esparza and Vargas, 1990, in Peasey et al., 2000; Vaz da Costa Vargas et 
al., 1996; Mensah et al., 2002).  
Normally, E. coli does not cause disease although some strains frequently 
cause diarrhoea in travelers (Smith et al., 1997; Spencer et al., 1999; Anon, 2000b) 
and it is the most common cause of urinary tract infections. One strain designated 
O157:H7, is particularly virulent and has been responsible for several dangerous 
outbreaks in people eating contaminated food (Slutsker et al., 1997; Mead and Griffin 
1998; Michino et al., 1998). In some people, particularly children under five years of 
age, the infection can cause a complication called hemolytic uremic syndrome (HUS). 
This is a serious disease in which red blood cells are destroyed and the kidneys fail. 
The isolation of E. coli O157:H7 in this study however needs further confirmation 
(genotypic). A study carried out in the study area isolated E. coli O157:H7 on 
vegetables (Mensah et al., 2002)  
Infections associated with E. sakazakii have been relatively rare and frequency 
of reported infections has been very low. Most reported cases of E. sakazakii 
infections are in neonates, infants, and children with few among adults. Despite the 
low frequency of reported infections, the high mortality rate (33%) and severe 
neurologic impairment in many survivors has generated a high level of concern for E. 
sakazakii infections. Other studies in Ghana have isolated E. sakazakii on vegetables 
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(Mensah et al. 2001; Mensah et al. 2002). Many experimental, clinical and 
epidemiological data tend to lend credence to the assertion that Aeromonas (rarely in 
humans) may be etiologically involved in diarrhoeal illness (Leclerc et al., 2002). 
Some authors are more cautious and consider that only some strains are likely to be 
pathogenic, a situation similar to that with E. coli and Y. enterocolitica (Farmer et al., 
1992).  
Even though most of the faecal coliform isolates identified in this study may 
be classified as non-pathogenic enterobacteria, some of them could be described as 
opportunistic pathogens capable of causing diseases/infection like gastroenteritis, 
meningitis, septicemia, abscesses etc in humans. This suggests that the need for health 
risk reduction strategies both on farm, market and at food preparation (e.g. effective 
washing of the vegetables) points to safeguard the health of consumers is real. 
 
4.5.3 Conclusion 
The study has confirmed that both animals and/or humans could be sources of 
faecal bacteria contamination of vegetables produced. This is possible due to the use 
of wastewater and the extensive use of animal (poultry manure) manure as fertilizer. 
The presumptive detection of E. coli 0157:H7 is worrying since this is particularly 
virulent and could cause dangerous outbreaks. Even though most of the faecal 
coliform isolates identified may, under normal circumstance, be non-pathogenic, 
some of them are capable of causing diseases/infection. This means proper handling 
of these vegetables at all entry points to reduce health risk is necessary to safeguard 
the health of consumers. 
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4.6 Effectiveness of common sanitary washing methods for the reduction of 
faecal coliform and helminths on vegetables  
 
4.6.1 Results 
4.6.1.1 Efficacy of selected washing methods on faecal colifom and helminth egg 
populations 
 
Common methods used for washing vegetables in the study areas vary among 
and within cities (section 4.1, this study). Washing vegetables irrespective of the 
method used reduced FC levels in lettuce. For locally common methods tested, FC 
population reductions under a contact time of two minutes ranged from 1.4 to 2.2 log 
units, while reductions of 0.2 to 1.2 log units were observed when vegetables were 
washed immediately (Table 4.6.1).  
 
Table 4.6.1 Efficacy of common methods at different exposure times (N= 10 for 
each treatment) 
 
Contact time 
 
Treatment FC population 
(log MPN) 
Log 
reduction  
 
 
 
Immediately 
(below 5 sec) 
Unwashed 5.5 ± 1.1 - 
Cold water 4.5 ± 1.4 1.0 
NaCl7* 5.0 ± 1.2 0.5 
NaCl23  4.7 ± 0.8 0.8 
NaCl35  4.4 ± 0.9 1.1 
Running tap  5.2 ± 1.1 0.3 
Vin 6818  5.3 ± 1.2 0.2 
NaCl7 + Vin6818  
KM100 
5.2 ± 1.4 
4.8 ± 1.2 
0.3 
0.7 
 
 
 
2 minutes 
Unwashed 6.1 ± 1.0 - 
Cold water 4.7 ± 1.0 1.4 
NaCl7  4.7 ± 0.8 1.4 
NaCl23  4.6 ± 1.5 1.5 
NaCl35 4.0 ± 1.2 2.1 
Running tap 3.9 ± 0.8 2.2 
Vin 6818  5.1 ± 1.5 1.0 
NaCl7 + Vin 6818  
KM100 
4.7 ± 1.0 
4.9 ± 1.1 
1.4 
1.2 
*subscripts represent concentration in ppm 
 
 
For all methods tested, significant reductions (p<0.005) were recorded at a 
contact time of two minutes but reductions were significant only at a higher 
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concentration of NaCl solution (35 ppm) when vegetables were washed immediately. 
Increased salt concentration from 7 ppm to 35 ppm improved its efficacy from 1.4 to 
2.1 log units. However, at high concentration (35 ppm), the lettuce leaves became 
soft, thus reducing its quality. 
 
All the treatments employed could at least reduce helminth egg population by 
half (Fig. 4.6.1). Washing under running tap without any sanitizer could reduce 
helminth egg contamination level from about 9 to 1 egg 100g-1 wet weight.  
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Figure 4.6.1 Efficacy of common washing method on helminth egg contamination 
level 
 
1) Unwashed;  2) Light washing in a bowl,  3) Washing in salt solution(7 ppm); 4) Washing in salt 
solution (23 ppm); 5) Washing in salt solution (35 ppm); 6) Washing under running water; 7) Vinegar 
solution 6818 ppm; 8) Salt/vinegar solution (7 ppm/6818 ppm). 
 
 
 
4.6.1.2 Effect of temperature on the efficacy of selected washing methods  
 
The efficacy of salt (7ppm) and vinegar (6818ppm and 11904ppm) solutions 
increased significantly when temperature was raised from 25ºC to 40ºC. This resulted 
in one log reduction for NaCl solution to two log unit reduction for vinegar (Fig. 
4.6.2). However, the reductions did not change significantly with temperature when 
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ordinary water and salt (7ppm) solutions were used. 
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Figure 4.6.2 Effect of temperature on the efficacy of common washing methods 
used (first datapoint refers to the coliform count at room temperature before 
treatment) 
 
 
 
4.6.1.3 The effect of concentration and contact time on the efficacy of vinegar  
Vinegar concentration  
Increases in vinegar concentration improved the performance of vinegar in 
reducing faecal coliform levels by a maximum of about 4.5 log units. Maximum 
reductions occurred at a vinegar concentration of 21400 ppm and beyond (Figure 
4.6.3a). About 99% (R2) of variations in pH of the vinegar solution can be explained 
through different vinegar concentrations. Further test revealed that at this 
concentration (21400 ppm) a contact time of about 20 seconds is adequate to achieve 
the observed reductions in faecal coliform levels (Figure 4.6.3b).  
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Figure 4.6.3 Effect of increasing concentrations of vinegar on FC population on 
lettuce (N=10 for each treatment) 
 
 
 
4.6.1.4 Effect of contact time on efficacy of sanitizer (lower concentration of 
vinegar e.g. 12500 ppm used) 
 
At the low vinegar concentration (12500 ppm), increasing contact time from 2 
minutes to 5 or 10 minutes, significantly (p < 0.05) increased its efficacy (Table 
4.6.2a and b). For example, holding lettuce leaves for 10 minutes at this concentration 
reduced faecal coliforms populations by about 3.5 log units. 
Significantly higher faecal coliform reductions (e.g. 1.64 log units in Cabbage and 
2.83 log units in spring onions) than achieved for lettuce (Table 4.6.2c). 
 
Table 4.6.2a Efficacy of vinegar with increased contact time 
  Faecal coliform counts (MPN 100 g-1) 
Treatment N Minimum Maximum Mean Std. Deviation 
Unwashed 10 2300 9300 4500 2700 
5 mins. 10 0 400 80 169 
10 mins. 10 0 0 0 0 
 
 
 
A B 
pH = 2.98 – 1.01 x 10-5 conc (ppm) 
pH 
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Table 4.6.2b Test of equality of means of faecal coliform populations at different 
contact times 
 
 
 
 
Levene's Test 
for Equality of 
Variances 
F 
 
 
 
 
Sig. 
t-test for 
Equality of 
Means 
 
t 
 
 
 
 
df 
 
 
Sig. 
(2-tailed)
 
 
Mean 
Difference 
 
 
Std. Error 
Difference 
 
 
95% Confidence Interval of 
the Difference 
         Lower Upper 
 
 
Equal variances 
assumed 
10.025 .005 5.167 18 .000 4420.00 855.41 2622.84 6217.15 
 Equal variances 
not assumed 
  5.167 9.070 .001 4420.00 855.41 2487.20 6352.79 
1 Faecal coliform  
 
 
Table 4.6.2c Faecal coliform levels on spring onions and cabbage washed in 
vinegar solution at different contact times 
 
 
Treatment 
Spring onion Cabbage 
 
Log FC 
Log 
reduction 
P – value  
Log FC 
Log 
reduction 
P – 
Value 
Unwashed 5.35 ± (0.03)1 - - 5.40 ± (0.26) -  
5 mins 4.03 ± (0.75) 1.35 0.114 3.76 ± (0.47) 1.64 0.001 
10 mins 2.52 ± (1.68) 2.83 0.004 3.86 ± (0.58) 1.54 0.001 
1figures in parenthesis represent standard deviation 
 
4.6.1.5 Quantity of lettuce washed in vinegar solution and effect on pH and faecal 
coliform levels 
 
As shown in Figure 4.6.4 below, the pH of the washing solution increased as 
lettuce was successively washed in one washing solution without changing the 
solution after each use. The efficacy of the sanitizer decreased after washing about 
450 g lettuce in one solution prepared. This corresponded with a pH greater than four.  
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Figure 4.6.4 Quantity of lettuce washed in vinegar solution and effect on pH and 
faecal coliform levels 
 
4.6.1.6 Use of OMO laundry powder 
Faecal coliform reductions of about 2.6 and 2.4 log units were obtained when 
lettuce leaves were kept for 5 and 10 minutes, respectively, in a detergent (OMO™ 
laundry powder) solution, for 2 minutes and then rinsed with tap water (Table 4.6.3). 
These reductions were both significant (P = 0.001; CI = 1.6892 to 3.5453 and P = 
0.001; CI = 1.4452 to 3.3013 for five and ten minutes holding times). The difference 
in faecal coliform levels between the two holding times were however not significant. 
 
Table 4.6.3 Faecal coliform populations on lettuce washed with detergent at 
different contact times 
 
 
Treatment 
 
N 
Log of mean faecal coliform counts  
(MPN 100 g-1) 
Unwashed 18 4.28 ± (0.89)1 
Held for 5 mins. 18 1.66 ± (1.56) 
Held for 10 mins. 18 1.91 ± (1.60) 
1Figures in parenthesis represent standard deviation 
 
 
 
FC level 
pH 
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4.6.1.7 Eau de javel, potassium permanganate and chlorine tablets 
Significant (P = 0.001) log reductions were observed between unwashed and 
all planned treated lettuce (Table 4.6.4). Reductions ranged between 2.03 and 2.87 log 
units. Although higher log reductions in faecal coliform counts were observed for 
each treatment, significant difference was observed between treatments with different 
sanitizers. 
 
Table 4.6.4 Table 6 Faecal coliform and log reduction levels in lettuce after 
washing in different sanitizers at different contact times  
Treatment Mean faecal coliforms 
(Log10) 
Log reductions 
Raw (unwashed)   6.39 ± (0.20)1 - 
KP52 4.36 ± (0.25) 2.03 
KP10 3.86 ± (0.16) 2.53 
Cl5 4.07 ± (0.34) 2.32 
Cl10 3.69 ± (0.57) 2.70 
EDJ5 4.02 ± (0.46) 2.37 
EDJ10 3.52 ± (0.27) 2.87 
KP - Potassium permanganate; Cl – Chlorine tablet ; EDJ – ‘Eau de javel’ (bleach) 
1Figures in parenthesis represent standard deviation 
2Subscripts represent contact time in minutes 
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Table 4.6.5 Summary of efficacy of sanitizers in reducing faecal coliform 
population density  
 
Method 
Log 
reductions  
 
Comments 
 
Bowl of 
Water 
 
 
 
 
1- 1.4 
• Increased contact time improves the efficacy of cold water 
considerably.  
• Not very efficient compared to other sanitizers. 
• Not very effective for helminth eggs. 
• Increasing the temperature does not significantly increase the its 
efficacy 
 
 
Salt solution 
 
 
 
0.5- 2.1 
• Salt solution at an appropriate concentration and 2 min contact 
time is a better sanitizer compared to portable water. 
• Efficacy improves with increasing temperature and 
concentration; however, high concentrations have a 
deteriorating effect on the appearance of some crops (e.g. 
lettuce) 
 
 
 
Vinegar 
 
 
1- 4.5 
• Very effective at high concentration but this could have negative 
sensory effects on the washed vegetables  
• To achieve a good efficacy at lower vinegar concentration, the 
contact time should be increased (5 to 10 minutes) 
• Efficacy is also improved at low concentration but at a higher 
temperature (≥ 40 oC 
 
 
Runing Tap 
 
0.3- 2.2 
• Comparatively effective compared to washing in a bowl, also 
for helminth egg removal 
• Increased effectiveness  with increased washing time 
• Limited application potential due to  the absence of running taps 
in poor households  
 
 
KM 
 
 
0.7 -2.5 
• More effective at high concentrations and also at increasing 
temperature and contact time 
• High concentrations colours washed vegetables purple which 
requires more water for rinsing; may raise questions on a 
possible health impact 
 
Washing detergent 
(OMO) 
 
2.4 – 2.6 
• Significant reductions could be achieved, but  OMO contains 
surfactants which could affect consumers health, thorough 
rinsing is required 
• Fragrance might influence consumers perception 
“Eau de Javel”   
(Bleach) 
2.1-3.1 • Effective; difficult to establish effective concentrations on the 
shelf products 
Chlorine tablets 2.3 – 2.7 • Effective but not commonly used in most West African 
countries 
 
 
 
4.6.2 Discussion 
All the people interviewed in the three cities used various methods to wash 
their vegetables before consumption or selling to other consumers (see section 4.1). 
Similar washing methods have been reported in other Francophone West African 
countries (Klutse, 2006). However, unlike the study sites in Ghana where salt solution 
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was the dominant method used for washing vegetables, other sanitizers e.g. bleach 
(sodium hypochloride, NaOCl; eau de javel) and potassium permanganate are the 
main methods used. The fact that all people washed vegetables before consumption 
suggests that the food preparation points (e.g. household, restaurants, and hotels) are 
important points for health risk reduction.  
Washing lettuce according to common practices showed that it reduces, 
irrespective of the method used, the bacteria populations. The results of helminth egg 
populations of washed and unwashed lettuce leaves further confirmed the fact that 
washing with or without disinfectants can significantly reduce worm load on 
contaminated vegetables. However for eggs it depends more on physical removal than 
the use of chemicals. Faecal coliform load decreased significantly after washing under 
running tap for two minutes confirming reports of other writers (Beuchat, 1998; 
Elorm, 2002). Washing vegetables in a bowl with potable water, then again washing 
or rinsing in potable water would aide in removing microorganisms. Additional 10-
fold to 100-fold reductions can sometimes be achieved by treatment with disinfectants 
(Beuchat, 1998).  
According to Parish et al. (2003), the efficacy of the method used to reduce 
microbial populations is usually dependent upon the type of treatment, type and 
physiology of the target microorganisms, characteristics of produce surfaces, 
exposure time and concentration of cleaner/sanitizer, pH, and temperature. Some of 
these factors (e.g. temperature, concentration, contact or exposure time and pH) 
accounted for the low faecal coliform reduction levels and are described below. 
Generally, the efficacy of all methods tested increased with increasing 
temperature confirming the sanitizing effect of high temperature. For example, the 
efficacy of salt and vinegar solutions increased significantly between about 1 to 2 log 
 169
reduction, when the solutions temperature are increased from 25 ºC to 40 ºC. It should 
be noted that though increased temperature generally increased sanitizer efficacy, it 
had a deteriorating effect on lettuce leaves at 40 ºC. This confirms the report that 
using hot water could adversely affect color and texture of the produce (especially for 
vegetable likely to be consumed raw) and limit the usefulness of this treatment (Parish 
et al., 2003).  
Even though the efficacy of each treatment improved with increased contact 
time, considerably high levels of faecal coliforms and helminth eggs still remained on 
the vegetables. This suggests that none of the common methods usually applied in 
households and kitchens can be relied upon to completely decontaminate wastewater 
irrigated lettuce. However, their efficacy could be improved significantly if other 
factors relating like sanitizations are reviewed. Increased contact time in salt (NaCl) 
solution with concentrations of 23 mgl-1 and 35 mgl-1 had a considerable deteriorating 
effect on the lettuce leaves and therefore may not be desirable. At a higher vinegar 
concentration of 21400 ppm (approximately 1 part vinegar in 2 parts water) the 
efficacy of the sanitizer completely removed faecal coliform levels in less that one 
minute. This may be too expensive for the poor households and will have low 
adoption rate but increasing the contact time at a lower vinegar concentration 
(approximately 1 part vinegar in 5 parts water) improved its efficacy significantly. 
From the above discussions, it is deduced that washing vegetables before 
consumption is a very important step in the reduction of the potential risks associated 
with the consumption of contaminated vegetables. However, their efficacy is variable 
and none are able to ensure total elimination of pathogens. The WHO (2006) has set a 
health protection level of ≤ 10-6 DALY (Disability Adjusted Life Years) per person 
per year. This could be achieved through a faecal coliform reduction of about 6 – 7 
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log units which is achievable mainly through produce cooking (WHO 2006). Parish et 
al. (2003) reported that there are no known mitigation strategies that will completely 
remove pathogens after contamination has occurred while maintaining produce 
freshness. Consequently it is not possible to rely solely on washing and or disinfection 
with or without sanitizers to control contamination by pathogens. Beuchat (1998) 
reported that prevention of contamination at all points of the food chain is preferred 
over the application of disinfectants. It would therefore be expected that combinations 
of washing and other intervention methods, at various entry points would be 
appropriate. For example, strict adherence to Good Agricultural Practices (GAPs), 
Good Handling Practices (GHPs) and other relevant strategies that prevent 
contamination from occurring. The concept of using multiple intervention methods at 
various entry points which is analogous to “hurdle technology” or the multiple barrier 
approach where two or more preservation technologies are used to prevent growth of 
microorganisms in or on foods (Leistner and Gorris, 1995; Leistner, 2000; Howard 
and Gonzalez, 2001).  
 
4.6.3 Conclusion  
The study revealed that washing vegetables irrespective of the methods used 
reduces the faecal coliform population levels. Common methods vary widely and are 
often applied ineffectively because of lack of information or appropriate instructions. 
None of the common methods used in the household could be relied upon to remove 
any significant amount of faecal coliforms populations on vegetables. However, the 
efficacy of these methods could be improved by using the correct sanitizer 
concentrations and for desirable contact times. The study showed that there is a high 
potential in Ghana to strengthen health risk reduction efforts through improved vegetable 
washing before consumption. Consequently there are significant opportunities for food 
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safety campaigns as well as the private sector to support public health. In addition, the 
adoption of the multiple barrier approach is required where risk reduction strategies are 
applied at various entry points before the vegetables even reach the kitchen. 
 
 172
CHAPTER FIVE 
5.0 CONCLUSIONS, LIMITATIONS OF THE STUDY, AND 
RECOMMENDATIONS 
 
5.1 General Conclusions 
? The study showed that some of the agronomic practices used by urban vegetable 
producers in the study areas could be sources of both microbiological and 
pesticide contamination; and potentially put farmers, sellers, and consumers at 
risk. There is therefore the need for local authorities, researchers and other 
stakeholders to develop measures to optimize the benefits and minimize the risks 
associated with wastewater irrigated vegetable production.  
? Irrigated lettuce produced and sold in Ghanaian markets was usually highly 
contaminated irrespective of the irrigation water used. Wastewater was identified 
as the main source of faecal bacteria contamination. The soil background 
contamination levels as well as use of poultry manure also contribute to the faecal 
coliform contamination levels observed.  
? The study has confirmed that irrigation water from drains, streams and wells used 
for vegetable production in the study areas are usually highly polluted with faecal 
coliform counts often above the recommended standard of 1 x 103 per 100 ml for 
unrestricted irrigation (WHO, 1989). However, heavy metal concentration of these 
water sources was generally lower than FAO levels described as detrimental to 
plant growth and development.  
? Significantly higher pathogen contamination on lettuce occurs in the rainy season 
than in the dry season, despite usually lower irrigation frequency in the rainy than 
in the dry season. Splashes of water from already contaminated soil could account 
for this observation 
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? The farm was identified as the main source of faecal coliform and helminth eggs 
contamination.  Despite the generally unsatisfactory sanitary conditions at the 
various markets and other handling practices, the faecal coliform and helminth 
levels do not change significantly irrespective of the irrigation water used. Faecal 
coliform contamination on piped water irrigated samples does not increase 
through post-harvest handling, hence it can be concluded that post harvest 
contamination is not hidden but actually low. 
? The study showed that both animals and/or humans could be sources of faecal 
bacteria contamination of vegetables produced. Most of the faecal coliform 
isolates identified may be opportunistic pathogens capable of causing 
diseases/infection. The presumptive isolation of E. coli 0157:H7 is worrying due 
to virulent nature of this strain. To safeguard consumer’s health, proper handling 
of wastewater irrigated vegetables is essential to prevent or reduce pathogen 
contamination at all entry points.  
? The study further revealed that there is a high potential in the study area to 
strengthen health risk reduction efforts through improved vegetable washing since 
the large majority of stakeholders (households, street food vendors, and 
restaurants) wash their vegetables before consumption. Common methods vary 
widely and are often applied ineffectively because of lack of appropriate 
information or instruction.   
? A more holistic approach involving all the stakeholders should be explored to 
ensure the consumption of better quality vegetables. The adoption of the multiple 
barrier approach could be employed where risk reduction strategies are applied at 
various entry points before the vegetables even reach the kitchen. This could be 
among others 1) exploring alternative sources of water for irrigation 2) stopping 
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irrigation for some days before harvesting or other safer irrigation practices 3) 
improvement in the existing sanitary conditions, 4) awareness creation and 
education targeting households, farmers, vegetable sellers, and local authorities. 
 
5.2 Limitations of the study 
? The fact that lettuce was used as the main test crop (due to its large surface area) 
for the contamination pathway study could possibly downplay the effect of 
handling on vegetables. Other vegetables may be handled differently. Therefore 
the observation may not be applied to all vegetables. 
? Even though the necessary precautions were taken during the pathway study not to 
influence the way vegetable sellers handled the vegetables from farm to market, 
there is the possibility that sellers changed their handling practices in a way that 
could reduce the level of faecal coliform and helminth eggs contamination during 
the study period.  
? The medium used for the quantification of faecal coliforms during the 
contamination pathway study is a bit selective and could not possibly promote all 
the types of faecal coliforms likely to be on the vegetables. This could be the 
reason for the failure to detect the presence Salmonella on the vegetables.   
? The determination of the viability of helminth eggs was not without problems. 
Sometimes it was extremely difficult to see, whether the safranine had really 
penetrated into the egg, or whether it was just sticking to the outer shell, making 
the egg look colored. This makes it difficult to evaluate the public health 
implications of the helminth egg populations detected. Also, in some of the cases 
the eggs were embedded in plant fibers which could have prevented an effective 
dyeing.  
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5.3 Suggestions for further studies 
? Further research on the contamination pathway should be carried out using other 
vegetables (e.g. cabbage, spring onions, cauliflower etc) as a test crop instead of 
lettuce. This is because handling of these crops may be different and could further 
determine how much handling from farm to market contributes to the 
microbiological contamination of vegetables.   
? The high faecal coliform contamination levels on the vegetables analysed in both 
is alarming especially when piped water was used for irrigation although the water 
is not the source in this case. However, it will be helpful if the specific faecal 
coliform strains are quantified in further studies to ascertain the real danger of 
consumption of contaminated vegetables from irrigated urban sites in developing 
countries. 
? In spite of their relatively lower importance in disease transmission in most 
developing countries, viruses are highly and immediately infectious and virtually 
one cell could suffice for infection. Further investigation into their presence and 
numbers in irrigation water and on crops is still required. 
? Reliable epidemiological studies on the risk of the used water with marginal 
quality to vegetable consumers and to farmers should be conducted in developing 
countries. This is because present knowledge is mostly limited to studies 
conducted in developed countries.  
? The tested washing methods should be simulated by food vendors and caterers to 
ascertain their efficacy in real life situations and also determine the effect of some 
sanitizers on the sensory nature of the vegetables washed. 
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APPENDIX A 
 The aim of this study is to obtain background information about vegetable production 
and to discuss matters related to the health of the farmers and other institutional 
issues. The result will be used to provide useful advice to farmers on ways to reduce 
health risks associated with irrigated vegetable production. Thank you very much for 
your kind cooperation. 
 A. Vegetable cultivation and irrigation 
1. How long have you been cultivating vegetables?…………………………….years. 
2. Why do you grow irrigated vegetables…………………………………….……… 
3. What is the estimated annual income from this kind of farming ………………… 
4. When do you cultivate your crops? All year round [   ] Rainy season [   ]     Dry 
season [   ] 
5. Which crops do you cultivate? 
Rainy Season Dry season 
Crop ?  Crop ?  
Lettuce  Lettuce  
Cabbage  Cabbage  
Spring onion  Spring onion  
Cauliflower  Cauliflower  
Okro  Okro  
Green pepper  Green pepper  
    
    
 
  6. a. Which irrigation method(s) do you use? Watering cans [   ]   Water hose [   ] 
  Sprinkler [   ]   Furrow [   ] Others (specify)……………………………… 
         b. Are you satisfied with this system? Yes [   ] No [   ] 
         c.i. If no, which alternative would you prefer…………………………………… 
            c ii. Why do you prefer this alternative…………………………………………… 
7 How often do you irrigate your crops per day/week in the rainy/dry seasons?  
Crop 
Per day 
Frequency of irrigation per day/bed 
Rainy season Dry season 
1x 2x 3x 4x 5x 1x 2x 3x 4x 5x 
Lettuce           
Cabbage           
Spring onion           
Cauliflower           
Okro           
Green pepper           
Tomatoes           
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8. How many cans (of water) do you apply per crop, bed/area/day in the rainy/dry 
season? 
 
Crop 
Rainy season Dry season 
Amount of water 
applied 
Average bed 
size 
Amount of water 
applied Average bed size 
Lettuce     
Cabbage     
Spring onion     
Cauliflower     
Okro     
Green pepper     
Tomatoes     
     
 
9a. What is the source of your irrigation water?  Stream / river [   ] Shallow well [   ] 
Deep well [   ] Piped water [   ] Drain water [   ] Others (specify)………..  
bi. Are you satisfied with this system? Yes [   ] No [   ] 
  ii. If yes why?................................................................................................................. 
c i. If no, which alternative would you prefer………………………………………… 
c ii. Why do you prefer this alternative?……………………………………………… 
10. Do you experience any harassment because of the source of water used?   Yes [   ] 
No [   ] 
11a. Do you have advantages for using this type of water for irrigation? Yes [   ]
 No [   ] 
    b. If yes, what are they?……………………………………………………………… 
     c. Do you have disadvantages for its use?   Yes [   ] No [   ] 
    d. If yes, why?……………………………………………………………………… 
    12a. Will you pay for pipe water when provided?   Yes [   ] no [   ] 
    b. Give reason(s)…………………………………………………………………… 
  c. If yes, how much will you pay per can (watering can) of clean water?…………… 
13a. If you will pay, will you increase the price of your produce? Yes [   ]  No [   ] 
    b. If yes by how much will the prices go up?……………………………………… 
14a. Do you irrigate your crops at the day of harvesting or shortly before?   Yes[   ]
 No[   ] 
    b. if yes which crops 
 Lettuce Cabbage Spring onion Cauliflower Green pepper  
?        
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 c. Give reason(s) for your answer in 19b.……………………………………... 
    d. if no, for how many days do you stop irrigation before harvesting? 
 Lettuce Cabbage Spring onion Cauliflower Green pepper 
Days before 
harvesting 
     
  
e. Give reason(s) for your answer in d above? 
Crop Reason(s) 
Lettuce  
Cabbage  
Spring onion  
Cauliflower  
Green pepper  
Tomatoes  
  
 
15a. Do you sell the produce at the farm gate or send it yourself to the market?    
   At farm gate [   ] sent to the market [   ] 
    b. if sent to the market yourself, how?…………………………………………… 
   c. If sent to the market yourself, how much do you pay as transportation?……… 
  16a. Do you use any special clothing when irrigating?  Yes [   ]  No [   ] 
      b. If yes, which type(s)? Boots/shoes [   ]    Hand gloves [   ]    Nose mask [   ]  
      Others (specify)……………………………………………………………………… 
          c. if yes, why?…………………………………………………………………… 
     d. if yes, how often? All the time [   ] once a while [   ] 
      e. If no special clothing, why?……………………………………………………… 
  17a. Do you wash your hands after irrigation/farming activity? Yes [   ] No [   ] 
      b. if yes with which water?………………………………………… 
      c. if yes, how soon do you use this after business?……………………………… 
                   d. Do you wash your hands with soap/disinfectants? Yes [   ] No [   ] 
  18a. Do you apply manure to your crops?   Yes, to all crops [   ]     Yes, to some crops [   ]
         Not at all [   ] 
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   b. If yes, but only to some crops, which type and for which crop?  
Crop NPK Poultry manure Cow dung Others (specify) 
Lettuce      
Cabbage     
Spring onion     
Cauliflower     
     
 
  19a. Do you use any protective clothing when applying manure?  Yes [   ]  No [   ] 
   b. If yes, which type(s)? Boots/shoes [   ]    Hand gloves [   ]    Nose mask [   ] 
   Others (specify)…………………………………………………… 
  c. if yes how often? All the time [   ] once a while [   ] 
      d. If no why?…………………………………………………………………………… 
  20a. Do you wash your hands with soap/disinfectants after manure application)     
   Yes [   ] No [   ] 
     b. if yes, how soon (minutes, hours) do you use this after business?………………… 
  ……………………………………………………… 
  21.a. Do you apply any kind of pesticides/insecticides to your crops?  Yes[   ]  No [   ] 
       b. If yes, which type(s) of pesticides?……………………………………………… 
      c. How many times do you apply pesticides/insecticides to your crops before  
        harvesting? 
Crops 
Number of times 
Rainy season Dry season 
Lettuce   
Cabbage   
Spring onion   
Cauliflower   
Okro   
Green pepper   
Tomatoes   
   
 
d. For how long do you stop pesticide/application before harvesting? 
Crops 
Period 
Rainy season Dry season 
Lettuce   
Cabbage   
Spring onion   
Cauliflower   
Okro   
Green pepper   
Tomatoes   
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22. Do your customers/sellers know about the source of irrigation water/the 
 use or  poultry manure/cow dung or pesticides? 
 Irrigation water Poultry manure Cow dung Pesticides 
Yes/No     
 
23. Do any of your customers/sellers say anything about the source of irrigation 
 water/the use of poultry manure/cow dung or pesticides? 
 Irrigation water Poultry manure Cow dung Pesticides 
Yes/No     
 
 B. Personal data 
1. Sex: male [   ] female [   ] 
2. Age:  below 20yrs [   ]  20 -30yrs [   ]  31 – 40yrs [   ] 
 Above 40 [   ] 
3. Religion: Christian  [   ]  Moslem [   ] Pagan [   ] Others [   ] 
4. Literacy status:  JSS/MSLC [   ]  SSS/A’level [   ]   Graduate/ Certificate [   ]    
illiterate[   ] 
  5a. Do you do any other work apart from farming? Yes [   ]    No [   ] 
    b. if yes specify……a……………………b………………………c………………… 
    c. if you have other job(s) apart from farming, how much time do you spend on your 
   farm a  day?……..hours.  Other jobs a………..…b………c……… 
  6. Marital status: married [   ]  single [   ] 
  7.a Number of dependants……………………………………………………………… 
   b. Are the dependants supported solely by income from your farm?  Yes [   ] No [   ] 
    c. If no, what percentage do the other jobs, if any contribute to their support?……… 
     ………………………………………………………………………………… 
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APPENDIX B 
Questionnaires for seller 
  Section A: Source of vegetables and handling 
            1. How long have you been selling vegetables? ………………………..……….years 
           2. Where (urban, peri-urban, outside) do you buy the vegetables? 
Vegetable Dry season Rainy season 
Lettuce   
Spring onion   
Cabbage   
Cauliflower   
Carrots   
Green pepper   
   
 
              3a. How do you get your stock of vegetables from the source? 
Crop Farm gate Selling point in the market Delivered by farmer 
Lettuce    
Spring onion    
Cabbage    
Cauliflower    
Carrots    
Green pepper    
 
 b. If from farm gate, how is it handled/transported to the market/selling place? 
 (explain in detail)……………………………………………………………… 
    c.i. if at farm gate, do you wash your vegetables (at the farm gate) before 
 sending to  the market?   Yes [   ]     No [   ]   
              Lettuce Cabbage Spring 
onion 
Cauliflower Green 
pepper 
 
Yes/no       
Reason(s) 
(if yes/no) 
      
 
 c. ii. if yes, how thorough is the washing? 
Vegetable High Medium low Sprinkle Low/sprinkle 
(reasons) 
Lettuce      
Spring onions      
Cabbage      
Cauliflower      
 N.B. High=washed three or more times each time with fresh water, Medium=washed 
 twice each time with fresh water, Low=washed once with the same water  
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 4. From where do you get water for washing? (you can select more than one answer 
 if applicable)  Outside standpipe [   ]  Well [   ]  Stream [   ]  River [   ] 
 5. Do you pay for the water used for washing?  Yes [   ] No [   ] 
  b. if yes how much per day?…………………………………………………………… 
  6. Is it difficult to obtain water for washing?   Yes [   ] No [   ]  Sometimes [   ] 
  7. If at selling place/point in the market or delivered by farmer, do you wash  
  before   displaying them on the shelves?  Yes [   ]     No [   ] 
              Lettuce Cabbage Spring 
onion 
Cauliflower Green pepper 
Yes/no      
Reason(s) 
(if yes/no) 
     
 
   b. if yes, how thorough is the washing? 
Vegetable High Medium low Sprinkle Low/sprinkle 
(reasons) 
Lettuce      
Spring onions      
Cabbage      
Cauliflower      
 N.B. High=washed three or more times each time with fresh water, Medium=washed 
 twice each time with fresh water, Low=washed once with the same water  
 
 8. From where do you get water for washing? (you can select more than one answer if 
 applicable) Outside standpipe [   ]  Well [   ]  Stream [   ]  River [   ] 
 9. Do you pay for the water used for washing?  Yes [   ] No [   ] 
 b. if yes how much per day?……………………………………………………………. 
  10. Is it difficult to obtain water for washing?   Yes [   ] No [   ]  Sometimes [   ] 
  11. What is the cost of transportation (car/truck/porter) of the vegetables from the 
  farm/selling point to the market/day/week? 
 How much do you buy/sell per week? 
 Amount bought 
(cedis)/day/week 
Amount sold 
(cedis)/day/week 
Lettuce   
Spring onion   
Cabbage   
Cauliflower   
Carrots   
Green pepper   
   
Total   
 199
 
            12a. Do your customers ask about the source of the vegetables? Yes [   ]   No   [   ]   
              b. if yes, why?………………………………………………………………………… 
                  13.a Do you sell all your vegetables on the same day after buying from farmers?  
    Yes [   ] No [   ] 
              b. If no, how and where do you store them? 
Vegetable How? Where? 
Lettuce   
Cabbage   
Spring onion   
Cauliflower   
Carrots   
Green pepper   
   
     
             c. How much do you pay as storage cost?…………………………………………… 
 C. Handling and health related issues 
 14a. Some vegetable farmers use poultry manure, chemical insecticides and  
 polluted/bad water to produce their vegetables (lettuce, cabbage, spring onion etc). Do 
 you think the  use of these have any health impact on sellers? Yes [   ] No [   ] 
 Consumers ?   Yes [   ] No [   ] 
   b. If yes, what do you feel about it, are you concerned? Yes [   ]  No [   ] 
    c. Would you be willing to change any practices to minimize the risks if you were told 
  how to and it was not difficult or expensive?  Yes [   ] No [   ] 
    d. if yes in 14a, to which of the following will you attribute the highest health risk and 
  why?  
 Poultry manure Insecticides Polluted/bad 
water 
?     
   
Reason(s)……………………………………………………………………………… 
 15.a Do you know the source of irrigation water of your vegetables? Yes [   ] No [   ]
   b. if yes, do you give any comment about the source of irrigation water?  
  Yes [   ] No [   ] 
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Section: B Personal data 
          1. Sex: female [   ]   male [   ] 
           2. Age: below 20 [   ]    20 to 30 years [   ]   31 to 40 [   ]   above 40 [   ] 
            4. Religion: Christian [   ]     Moslem [   ]   Pagan [   ]    other (specify)……………… 
          5. literacy status:  JSS/MSLC [   ]   SSS/A’ level [   ]   Graduate/ Certificate [   ] 
       Illiterate [   ] 
           6. Do you do any other work apart from selling vegetables? Yes [   ]           No [   ] 
            7. If yes specify………………………………………………………………………… 
    8.a Number of dependants……………………………………………………………… 
         b. Are the dependants supported solely by income from your sales?  Yes [   ] No [   ] 
    c. If no, what percentage do the other jobs, if any contribute to their support?…… 
    ………………………………………………………………………………… 
 201
APPENDIX C 
Questionnaires for consumers 
 7. Where do you usually buy your leafy vegetables?………………………………… 
  8. How often do you buy leafy vegetables (e.g. lettuce, cabbage, green pepper etc.) 
 from the market/selling point? 
 How often vegetable is used per week 
Crop 1x 2x 3x 4x 5x Everyday
Lettuce       
Cabbage       
Spring onions       
Okro       
Green peper       
Tomatoes       
 9a. Do you find out from vegetable sellers about the source of their vegetables? 
Yes [   ]   No [   ] 
b. Give reasons…………………………………………………….…………………… 
10a. Some vegetable farmers use poultry manure, chemical insecticides and polluted 
water to produce their vegetables (lettuce, cabbage, spring onion etc.). Do you think 
that the use of these have any health risks on consumers? Yes [   ] no [   ]    
b. if yes, to which of the following will you attribute the highest health risk and why?  
 Poultry 
manure 
Insecticides Polluted/bad 
water 
?     
Reason(s) 
 Reason(s) 
Poultry manure  
Insecticides  
Polluted/bad water  
c. If no, give reason(s)………………………………………………………………… 
 11a. Do you think the sellers wash the vegetables well before displaying them on the 
    shelves?   Yes [   ] No [   ] 
    b. Do you expect the sellers to wash vegetables before displaying? Yes [   ] No [   ] 
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    c. Will you pay more for vegetables well cleaned at the market? Yes [   ] No [   ] 
 12a. Do you wash the leafy vegetables (lettuce, cabbage, spring onion etc.) before you 
    use them?  Yes [   ] No [   ] 
b. If yes, how? 
Vegetable Method used in washing vegetables in the household 
Lettuce  
Spring onions  
Cabbage  
Cauliflower  
  
NB: Type and amount of water used, for what quantity of vegetables, any input used, 
number of times washed etc. 
 13. Where and how do you store the vegetables if all cannot be used the same day? 
Vegetable How? Where? 
Lettuce   
Cabbage   
Spring onion   
Cauliflower   
Carrots   
Green pepper   
   
 14a. Have you ever received any advice on how to treat these vegetables lettuce      
         before consumption?   Yes [   ]  No [   ]  
   b. If yes, from which organization? ………………………………………………… 
 
Section B; personal Data 
 1. Sex:   male [   ] female [   ] 
 2. Age:   below 20yrs [   ]  20 -30yrs [   ] 31 – 40yrs [   ]  Above 40 [   ] 
 3. Ethnic group: Akan [   ] Ga [   ]    Ewe [   ] Northerner [   ] Others[   ] 
 4. Religion: Christian  [   ]  Moslem [   ] Pagan [   ] Others [   ] 
 5. literacy status: JSS/MSLC [   ] SSS/A’ level [   ] Graduate/Certificate […]  
Illiterate[   ] 
6. Profession or current work ……………………………………………………… 
